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EXECUTIVE SUMMARY 

1. T h i s  paper  responds  t o  a r e q u e s t  by t h e  House of Represen- 
t a t i v e s  Committee on Sc ience  and Technology f o r  a "whi t e  paper"  
concern ing  t h e  p o t e n t i a l  for new i n i t i a t i v e s  i n  a e r o n a u t i c s .  
Using a s  an  example NASA's A i r c r a f t  Energy E f f i c i e n c y  (ACEE) 
Program, the Committee suggested t h a t  t h e  t h e  is  r i p e  for a 
bold new i n i t i a t i v e  d i r e c t e d  a t  i n c r e a s i n g  p r o d u c t i v i t y  i n  a i r  
t r a n s p o r t a t i o n  and improving t h i s  Na t ion ' s  c o m p e t i t i v e  p o s i t i o n  
and ba lance  of  t r a d e .  

2 .  NASA h a s  reviewed c u r r e n t  and p r o j e c t e d  a e r o n a u t i c s  
p l ans  and programs t o  i d e n t i f y  p o t e n t i a l  new focused i n i t i a t i v e s  
which could accelerate p rogres s  toward t h e  o b j e c t i v e s  cited by 
the Committee. These p o t e n t i a l  new focused i n i t i a t i v e s ,  l i k e  
t h e  ACEE program, might  be superposed over NASA's ongoing aero-  
n a u t i c a l  r e s e a r c h  and technology programs t o  f a c i l i t a t e  f u t u r e  
development o f  improved U.S. c i v i l  a e r o n a u t i c a l  p r o d u c t s .  

3 .  This  paper  o u t l i n e s  t h e  t e c h n i c a l ,  market  and economic 
f a c t o r s  t h a t  i n f l u e n c e  d e c i s i o n s  as to  t h e  importance,  the 
n a t u r e ,  the  scope,  and t h e  t iming  of new focused i n i t i a t i v e s  as 
p o t e n t i a l  a d d i t i o n s  t o  NASA's ongoing programs . Also presen ted  
is an  overview of cost and schedule  i m p l i c a t i o n s  of each p o t e n t i a l  
i n i t i a t i v e  i f  it w e r e  t o  be added to  t h e  c u r r e n t  NASA aeronau- 
t i cs  program. The program o p t i o n s  are p resen ted  as i n t e g r a t e d  
t o t a l  packages of e f f o r t  appl ied  t o  a s p e c i f i c  a r e a  o f  o p p o r t u n i t y .  
The m a j o r  components of each program can i n  m o s t  i n s t a n c e s  be  
t r e a t e d  also a s  inc remen ta l  ac t iv i t ies  p rov id ing  lesser b u t  
n e v e r t h e l e s s  e f f e c t i v e  p rogres s  toward t h e  d e s i r e d  technology 
advances . 
4 .  Ongoing NASA programs, as p r e s e n t l y  c o n s t i t u t e d ,  i nc lude  
c o n s i d e r a b l e  a c t i v i t y  i n  each of t h e  a r e a s  c i t e d  as p o s s i b l e  
subjects f o r  a d d i t i o n a l  focus .  Only the  major a s p e c t s  of  
thesc! ongoing a c t i v i t i e s  have been summarized i n  t h i s  paper ,  
which i s  devoted p r i m a r i l y  to c o n s i d e r a t i o n  of p o s s i b l e  o p t i o n s  
for  expans ions  beyond t h e  p r e s e n t  ac t iv i t ies .  
- 
3 .  F u t u r e  focused program p o s s i b i l i t i e s ,  a d d r e s s i n g  bo th  
near-term and f a r - t e rm p o t e n t i a l  a p p l i c a t i o n s ,  emerge con t inu -  
o u s l y  from r e s e a r c h  and technology b a s e  and s p e c i f i c  v e h i c l e -  
o r i e n t e d  a c t i v i t i e s .  The o p t i o n s  d i s c u s s e d  i n  t h i s  paper 
r e p r e s e n t  a snapshot  of t h e  major p o s s i b i l i t i e s  as  seen  a t  
this t i m e ,  r a t h e r  t h a n  a set of s p e c i f i c a l l y  recommended 
programs . Evolu t ion  of t h e  overal l .  ivASA a e r o n a u t i c s  program 
w i l l  be  based on  f u t u r e  c o n s i d e r a t i c x  of uese  p o s s i b i l i t i e s  
and assessment  of a d d i t i o n a l  needs and o p p o r t u n i t i e s  perce ived  
i n  tee c s u s e  of t h e .  
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6. The a r e a s  i d e n t i f i e d  as c r e d i b l e  c a n d i d a t e s  f o r  p o t e n t i a l  
near-term major a d d i t i o n a l  emphasis,  and t h e  c o n s i d e r a t i o n s  rele- 
v a n t  t o  the timing of p o s s i b l e  new focused i n i t i a t i v e s ,  are 
o u t l i n e d  b r i e f l y  h e r e i n  under t h e  t w o  primary categories of  
long  hau l  and short h a u l / u t i l i t y  a i rcraf t :  

Long Haul Shor t  H a u l / U t i l i t y  

Subsonic Transpor t s  Rotorcraft 
Supersonic  T r a n s p o r t s  Cornu t er Trans por t s 
Large Cargo/Logist ic  A i r c r a f t  General  Av ia t ion  
Cryogenic-Fuel T r a n s p o r t s  

Subsonic T r a n s m r  ts 

I n  t h e  near term, new a i rc raf t  as w e l l  as d e r i v a t i v e s  of 
e x i s t i n g  a i r c r a f t  w i l l  be r e q u i r e d  in cr r a p i d l y  expanding 
market. I n  t h e  l o n g e r  term, t h e  p o t e n c i a 1  e x i s t s  f o r  an era 
of new aircraft d e s i g n 8  and concep t s  r e s u l t i n g  i n  even 
greater p r o d u c t i v i t y  Worthwhile new focused t e c h n i c a l  
a c t i v i t y  can be under taken  immediately,  b u t  a major new 
ACEE-type i n i t i a t i v e  is not required i n  the near  f u t u r e .  

Supersonic T r a n s p o r t s  

The supersonic  t r a n s p o r t  market i s  seen  as less expans ive  
than  t h e  subsonic  market,  b u t  e v e n t u a l l y  ve ry  impor tan t .  
Both economic and possible environmental  barriers combine 
to  create a n  u n c e r t a i n  and h i g h - r i s k  s i t u a t i o n .  A t  the 
s a m e  t i m e ,  t h e  p o t e n t i a l  f o r  p r o d u c t i v i t y  g a i n s  and 
the p o s s i b i l i t y  of l o s i n g  by d e f a u l t  a major component of 
world a v i a t i o n  l e a d e r s h i p  s u g g e s t  t h a t  i n c r e a s e d  s u p e r s o n i c  
technology e f f o r t  may be warran ted .  The o p t i o n s  d i s c u s s e d  
i n  t h e  paper i n c l u d e  p r o g r e s s i o n  from t h e  p r e s e n t  r e s e a r c h  
level of a c t i v i t y  t o  a large focused i n i t i a t i v e  d i r e c t e d  a t  
technology v a l i d a t i o n .  

L n r s e  Carso /Louis t ic  A i r c r a f t  

New-technology d e d i c a t e d  f r e i g h t e r s  may be needed toward 
the  end of t h e  c e n t u r y ,  p a r t i c u l a r l y  f o r  the  i n t e r n a t i o n a l  
market. Long-lead research is a l r e a d y  i n  p r o g r e s s  and a 
major focused i n i t i a t i v e  i n  t h i s  area might b e  a p p r o p r i a t e  
s e v e r a l  y e a r s  f r o m  now. 

Cryogenic-Fuel T r a n s p o r t s  

Important  system and economic ques.;>aiTs can  be  r e so lved  
i n  t h i s  a r ea  through long-lead research and technology 
E s c a l a t i o n  of these ac t iv i t i e s  t o  a major new focused  
i n i t i a t i v e  does  n o t  appear  a d v i s a b l e  i n  the v e r y  near  
t e r m .  
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Rotorcraft 

A r a p i d l y  expanding market has s t i m u l a t e d  a g g r e s s i v e  
compe t i t i on  among the  world’s  h e l i c o p t e r  manufac turers  
A c c e l e r a t i o n  of advanced technology development i n  the 
near  term would p l a y  an important  role i n  the outcome 
o f  f u t u r e  compe t i t i on .  

Commuter T r a n s p o r t s  

A t  t h e  p r e s e n t  time, it i s  n o t  clear t o  w h a t  deg ree  
technology advances w i l l  i n f l u e n c e  commuter t r a n s p o r t  
developments. S t u d i e s  now under way w i l l  p rov ide  i n s i g h t  
i n t o  the n a t u r e ,  scope,  and t iming of  new focused technol -  
ogy i n i t i a t i v e s .  

Gene ra l  Av ia t ion  

General  Av ia t ion  i s  c h a r a c t e r i z e d  by a l a r g e  and r a p i d l y  
growing market. An expanded, broadly-based r e s e a r c h  and 
technology program may be  warran ted  t o  p rov ide  a b e t t e r  
t e c h n i c a l  founda t ion  for subsequent commercial development 
as w e l l  a s  enhancements i n  s a f e t y ,  f u e l  consumption, ser -  
v i c e  and environmental  p r o t e c t i o n .  

I n  a d d i t i o n  t o  the seven  v e h i c l e  areas d i s c u s s e d  above, impor- 
t a n t  o p p o r t u n i t i e s  e x i s t  for p o t e n t i a l  expansion i n  three 
fundamental  technology areas- -propuls ion ,  a v i a t i o n  s a f e t y ,  
and a v i o n i c s  and human f a c t o r s - - i n  which new i n i t i a t i v e s  could 
c o n t r i b u t e  b o t h  b road ly  and s p e c i f i c a l l y  to  improvement and 
increased p r o d u c t i v i t y  i n  a l l  vehicle classes 
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1. INTRODUCTION 

The House of R e p r e s e n t a t i v e s  Commit tee  on Sc ience  and Technology, 
i n  i t s  R e p o r t  N o .  96-52, "Authorizing Appropr i a t ions  t o  the 
Nat iona l  Aeronaut ics  and Space Admin i s t r a t ion"  ( R e f .  1) , r a i s e d  
s e v e r a l  q u e s t i o n s  r ega rd ing  f u t u r e  d i r e c t i o n s  i n  NASA's  Aeronaut ics  
ac t iv i t i e s .  S p e c i f i c a l l y ,  t h e  C o m m i t t e e  no ted  wi th  c o n s i d e r a b l e  
alarm t h a t  N A S A ' s  Fiscal Year 1980 budget p r o j e c t i o n s  showed 
a d e c l i n e  i n  spending f o r  a e r o n a u t i c a l  Research and Technology 
i n  Fiscal  Years 1 9 8 1  and 1 9 8 2 .  The Committee expres sed  t h e  
belief t h a t  " t h e  t i m e  i s  r i p e  for  a bold  new i n i t i a t i v e  i n  aero- 
n a u t i c s ,  a long  t h e  l i n e s  of  the h i g h l y  s u c c e s s f u l  A i r c r a f t  Energy 
E f f i c i e n c y  Program." I t  suggested t h a t  t h i s  e f f o r t  should be 
d i - rec ted  a t  advanced technology t o  i n c r e a s e  p r o d u c t i v i t y  i n  a i r  
t r a n s p o r t a t i o n ,  and should lead to e x p o r t a b l e  products  t o  improve 
this Na t ion ' s  ba l ance  of trade. The Committee r eques t ed  t h a t  
NASA p repa re  a " w h i t e  paper"  d e t a i l i n g  program o p t i o n s  a long  w i t h  
cost and schedu le  informat ion .  T h i s  paper has  been prepared  i n  
response  t o  t h e  Committee's reques t .  

The C o m m i t t e e ' s  r e p o r t  expressed concern as t o  t h e  d e c l i n e  of U.S. 
t r a n s p o r t  a i r c r a f t  dominance and s t r e s s e d  the importance of t h e  
r e l a t i o n s h i p  between research and development inves tments  and t h e  
consequent b e n e f i t s  t o  t h e  U.S. of preeminence i n  the c i v i l  
a v i a t i o n  marke t .  NASA s h a r e s  the C o m m i t t e e ' s  concern r ega rd ing  
t h e  c h a l l e n g e  of f o r e i g n  compet i t ion  and a g r e e s  f u l l y  as t o  t h e  
r e l evance  and importance of research and technology . 
The U . S .  c i v i l  a i r c ra f t  and a i r l i n e  i n d u s t r y  i s  c r i t i ca l  t o  
the U . S .  economy. I n  1 9 7 8 ,  fo r  example, it c o n t r i b u t e d  $43 
b i l  ] . ion t o  t h e  g r o s s  n a t i o n a l  product  and provided approxi-  
m i i t e l y  a m i l l i o n  jobs. C i v i l  A i r c r a f t  e x p o r t s ,  p r i m a r i l y  
sub:mrij c t r a n s p o r t s ,  produced a f a v o r a b l e  t r a d e  ba lance  of 
$5.6 b i l l i o n - - t h e  h i g h e s t  p o s i t i v e  component of  t h i s  impor- 
t a n t  measure of n a t i o n a l  wel l -being by any U.S .  manufactur ing 
i n d u s t r y  . 
The s u c c e s s f u l  i n t r o d u c t i o n  of t h e  Airbus I n d u s t r i e ' s  A300 
h a s  shown t h e  r e a l i t y  of the  threat  t o  t h e  U.S.  a i r c r a f t  i n d u s t r y  
f r o m  f o r e i g n  compet i t ion .  T h i s  th rea t  i s  n o t  l imi t ed  t o  wide- 
body a i r c r a f t  used i n  commercial t r a n s p o r t a t i o n ,  a l though  
t h a t  m a r k e t  segment accounts  for  t h e  l a r g e s t  sales volume. 
S e r i o u s  compe t i t i on  a lso e x i s t s  i n  t h e  sho r t -hau l ,  u t i l i t y ,  
g e n e r a l  a v i a t i o n ,  and m i l i t a r y  a i r c ra f t  categories. The 
magnitude of t h e  w o r l d  helicopter m a r k e t  p o t e n t i a l ,  f o r  example, 
has  s t i m u l a t e d  a g g r e s s i v e  compet i t ion  among t h e  w o r l d ' s  he l i cop-  
ter  manufacturers .  The fo re ign  a c t i v i t y  i s  c h a r a c t e r i z e d  by 
h igh -qua l i ty  t e c h n i c a l  products  and, i i i  some i n s t a n c e s ,  s t r o n g  
government suppor t  t o  i n d u s t r y .  
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T h i s  i n t e r n a t i o n a l  cornpet i t ion,  a l r e a d y  s e r i o u s ,  w i l l  become 
i n c r e a s i n g l y  i n t e n s e  as  t h e  m a r k e t  and i t s  p o t e n t i a l  t r a d e -  
balcrncc: consequences grow. Wi th  much of  t h e  t r a n s p o r t  m a r k e t  i n  
t h e  f o r m  of s a l e s  t o  i n t c r n a t i o n a l  a i r l i n e s ,  some a i r c r a f t  
p rc rc j r ;~ rn r>  may be based o n  p roduc t ion  p a r t n e r s h i p s  among m u l t i -  
n a t i o n a l  manufacturers .  Even i n  such i n s t a n c e s ,  however, t h e  
s t a k e s  w i l l  be g r e a t  and compe t i t i on  f o r  roles and s h a r e s  w i t h i n  
t h e  p a r t n e r s h i p  may be a s  hea ted  as compe t i t i on  i n  t h e  p a s t  
between i n d i v i d u a l  companies. 

The scheduled a i r  t r ave l  market ,  exc lud ing  t h e  USSR and China,  
has  now exceeded 400 b i l l i o n  passenger-miles  p e r  y e a r .  Repre- 
s e n t a t i v e  p r o j e c t i o n s  i n d i c a t e  t h a t  t h i s  market w i l l  quadruple  
by t h e  yea r  2000 o r  s h o r t l y  t h e r e a f t e r .  To m e e t  t h i s  i n -  
crease i n  t h e  market,  t h e  sales of  commercial a i r c r a f t  w i l l  
r i se .  The U.S. s h a r e  of t h e s e  sales r e c e n t l y  f e l l  t o  a l o w  
p o i n t  of 77 pe rcen t  of a i r c r a f t  d e l i v e r e d  i n  1977 compared t o  
9 3  p e r c e n t  i n  1 9 7 4 .  While sales of t r anspc l r t s  t o  U . S .  a i r l i n e s  
a r c  f o r e c a s t  to  increase, t h e s e  sales are expected t o  become 
a smaller f r a c t i o n  o f  t h e  t o t a l  f ree-world expanding market.  
Although it i s  un reasonab le  t o  expec t  t h a t  t h e  U.S. a i r c r a f t  
i n d u s t r y  could m a i n t a i n  i n d e f i n i t e l y  t h e  near-monopoly it 
enjoyed through t h e  e a r l y  1970's, t h e  maintenance of a large 
m a r k e t  s h a r e  a s s u r i n g  s u b s t a n t i a l  growth i n  absolute  sales i s  
n o t  on ly  a r e a l i s t i c  g o a l ,  b u t  a n a t i o n a l  need. 

A key t o  t h e  cha l l enge  o f  f o r e i g n  compe t i t i on  i s  t h e  i n n o v a t i v e  
a p p l i c a t i o n  of advanced technology t o  achieve  s i g n i f i c a n t l y  
improved a i r c r a f t  w i t h  h i g h e r  r e l i a b i l i t y ,  reduced cost  of  
ownership,  i nc reased  o p e r a t i o n a l  c a p a b i l i t y ,  decreased f u e l  use ,  
and i n c r e a s e d  p r o d u c t i v i t y .  The a p p l i c a t i o n  of advanced 
technology t o  t h e  d e s i g n ,  development, and manufacture  of aero- 
n a u t i c a l  p roducts  i s  t h e  r e s p o n s i b i l i t y  of  t h e  a e r o n a u t i c a l  
i ndus t ry .  It  i s  preceded,  however, by a s e q u e n t i a l  r e s e a r c h  and 
technology process  of g e n e r a t i n g  new t e c h n i c a l  concep t s ,  
b r i n g i n g  them t o  m a t u r i t y ,  a s s u r i n g  r e a d i n e s s  f o r  a p p l i c a t i o n ,  
and f a c i l i t a t i n g  t h e  t r a n s f e r  of  t h e  technology t o  t h e  p r i v a t e  
sector and t o  t h e  Government a g e n c i e s  which p rocure ,  o p e r a t e ,  o r  
r e g u l a t e  a e r o n a u t i c a l  systems.  NASA h a s  t h e  r e s p o n s i b i l i t y  t o  
provide  t h i s  r e sea rch  and technology.  I t  does so on t h e  b a s i s  of 
in-house e f f o r t s  and, where a p p r o p r i a t e ,  work performed under 
c o n t r a c t  by i n d u s t r i a l  o r g a n i z a t i o n s  o r  u n i v e r s i t i e s .  

I n  a d d i t i o n  t o  i t s  r o l e  re la ted  t o  c i v i l  a v i a t i o n ,  NASA a l so  has  
a n  impor t an t  mission t o  s u p p o r t  m i l i t a r y  R&D a c t i v i t i e s  through 
b a s i c ,  long-range, h i g h - r i s k  r e s e a r c h  which p r o v i d e s  DOD w i t h  
iiiiportant advanced technology o p t i o n s  for t h e  f u t u r e .  The e f f o r t  
NASA devo tes  t o  m i l i t a r y  o r i e n t e d  long-+:aAige r e s e a r c h  g r e a t l y  
enhances t h e  q u a l i t y  o f  NASA's o v e r a l l  a e r o n c d t i c s  a c t i v i t y  i n  
t h a t  t h e  h igh  performance d e s i r e d  for  f u t u r e  m i l i t a r y  c a p a b i l i t y  
p r e s e n t s  a fo rc ing  c h a l l e n g e  and m o t i v a t i o n  fo r  a c c e l e r a t e d  
advancement i n  a l l  t h e  basic t e c h n i c a l  d i s c i p l i n e s  which are 
c r i t i c a l  t o  a e r o n a u t i c s ,  independent  of s p e c i f i c  a p p l i c a t i o n .  
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NASA' s r e s e a r c h  and technology programs must be broadly  based, 
wi th  primary emphasis on new concepts  and t e c h n i c a l  advances 
beyond t h e  ho r i zons  o f  i n d u s t r i a l ,  or m i l i t a r y ,  development 
p lanners .  The  long-range o r i e n t a t i o n  i s  in t ended  t o  create 
advanced technology o p t i o n s  for f u t u r e  societal  b e n e f i t s .  NASA's 
programs must also a s s u r e  adequate con t inu ing  a t t e n t i o n  t o  impor tan t  
p u b l i c - i n t e r e s t  r e s e a r c h  i n  which t h e  p r i v a t e  sector has  n e i t h e r  
t h e  a b i l i t y  nor t h e  mot iva t ion  t o  i n v e s t  s u b s t a n t i a l l y - - f o r  
example, r e s e a r c h  t o  i n c r e a s e  fundamental s c i e n t i f i c  knowledge 
or t o  e s t a b l i s h  t h e  t e c h n i c a l  b a s i s  f o r  r e g u l a t i o n s  concerning 
environmental  p r o t e c t i o n ,  s a f e t y ,  or  energy conse rva t ion .  

The U . S . ,  t h e  European c o u n t r i e s ,  Japan and Canada have r e c e n t l y  
adopted an "agreement on trade i n  c i v i l  a i r c r a f t "  as a r e s u l t  
of t h e  "Tokyo round" of t h e  M u l t i l a t e r a l  Trade Nego t i a t ions .  
T h i s  agreement, enac ted  i n t o  law i n  t h e  Trade Agreements A c t  of 
L979, s p e c i f i e s  i n  e f f e c t  t h a t  t h e  S igna to ry  governments w i l l  
n o t  s u b s i d i z e  o r  p r o t e c t  t h e i r  c i v i l  a i r c r a f t  i n d u s t r i e s  Ln such 
a way as  t o  i n j u r e  t h e  i n d u s t r i e s  of  t h e  o t h e r  S i g n a t o r i e s .  
NASA r e s e a r c h  and technology a c t i v i t i e s  do n o t  provide  competi- 
t i v e  advantage t o  an  i n d i v i d u a l  company, s u b s i d i z e  U . S .  i n d u s t r y ,  
or i n j u r e  t h e  i n d u s t r y  of other c o u n t r i e s ,  b u t  serve t o  raise 
t h e  g e n e r a l  l e v e l  of  technology that w i l l  be  a v a i l a b l e  t o  t h e  
e n t i r e  i n d u s t r y  for t h e  common good. 

The c u r r e n t  NASA Aeronaut ics  program i s  the  r e s u l t  of i n t e n s i v e  
p lanning  and p e r i o d i c  assessments conducted by both in-house 
e x p e r t s  and, e x t e r n a l  adv i so ry  groups.  The a d v i s o r y  groups are 
drawn f r o m  t h e  i n d u s t r y ,  Government, and u n i v e r s i t y  communities, 
and are consu l t ed  as to  t h e  con ten t ,  ba lance ,  emphasis,  and 
q u a l i t y  of t h e  program. The r e s u l t  is  a wel l -balanced program 
c o n s i s t i n g  of a broad R&T Base e f f o r t  and a number of veh ic l e -  
c l a s s - o r i e n t e d  focused i n i t i a t i v e s ,  i n c l u d i n g  t h e  major A i r c r a f t  
Energy E f f i c i e n c y  (ACEE) program. The overal l  program a lso  
c o n t a i n s  t h e  seeds fo r  p o t e n t i a l  new focused e f f o r t s  f o r  
t h e  f u t u r e .  

S l i g h t l y  over 40  p e r c e n t  of the NASA F Y  1979 Aeronaut ics  R&D 
budget ,  and about  75 p e r c e n t  of the Aeronaut ics  c i v i l  service 
d i r e c t  manpower, are devoted t o  t h e  R&T B a s e  a c t i v i t y  d i r e c t e d  
toward long-term s t a t e - o f - t h e - a r t  advances i n  t h e  a e r o n a u t i c a l  
d i s c i p l i n e s .  The remainder of t h e  r e s o u r c e s  are p r i m a r i l y  
a p p l i e d  t o  the more near-term technology e f f o r t s ,  w i th  a very 
small percentage  used for  systems s tud ie s  t o  e v a l u a t e  new 
concepts  and i d e n t i f y  p o t e n t i a l  technology b e n e f i t s  and r e q u i r e -  
ments. 

For major advances i n  v e h i c l e - c l a s s - o r l e n t e d  e f f o r t s ,  p a r t i c u l a r l y  
where societal  b e n e f i t s  are importarir ar,d t h e  focused program 
extails high t e c h n i c a l  and economic r i s k ,  the technology 
p r e p a r a t i o n  ac t iv i t i e s  are extended by NASA beyond a n a l y s i s  and 
l a b o r a t o r y  involvement t o  inc lude  f e a s i b i l i t y  demonst ra t ion  and 
performance e v a l u a t i o n  under rea l i s t ic  o p e r a t i o n a l  c o n d i t i o n s .  
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These more-applied R&T a c t i v i t i e s  reduce t h e  o b s t a c l e s  t o  
p r i v a t e - s e c t o r  development and provide  i n c r e a s e d  a s su rance  t h a t  
t h e  b e n e f i t s  Qf the technology advances w i l l  b e  r e a l i z e d .  

Under c e r t a i n  c o n d i t i o n s ,  a number of a p p l i e d  technology p r o j e c t s  
may be grouped i n t o  a major focu6ed i n i t i a t i v e  which becomes a 
l a r g e - s c a l e  a c t i v i t y  such as t h e  p r e s e n t  ACEE program. Because 
focused i n i t i a t i v e s  are s p e c i f i c  p r o j e c t s  wi th  f i n i t e  l i f e  s p a r s ,  
they  i n e v i t a b l y  c r e a t e  peaks and v a l l e y s  i n  funding requi rements .  
The FY 1981-82 a e r o n a u t i c s  funding  r e d u c t i o n  cited by t h e  
Committee i s  a s s o c i a t e d  wi th  ACEE program phasing. It i n  no way 
connotes  a d e c l i n e  i n  NASA's d e d i c a t i o n  t o  r e s e a r c h  and technology 
d i r e c t e d  toward improvement of t h e  U.S. a i r  t r a n s p o r t a t i o n  
sys t em and maintenance of m i l i t a r y  a i r c r a f t  s u p e r i o r i t y .  It 
does  p r e s e n t  p o s s i b l e  o p p o r t u n i t i e s  t o  pursue  o t h e r  p o t e n t i a l  
focused in i t ia t ives ,  several of which are d i s c u s s e d  i n  t h i s  paper .  

Large-scale i n i t i a t ives  such as the ACEE program can  b e  e f f e c t i v e  
i n  e x p e d i t i n g  the a p p l i c a t i o n  of advanced technology when a 
number of f a c t o r s  such as a recognized  need, a l i k e l y  market,  
adequate  r e sea rch  p r e p a r a t i o n ,  i n d u s t r y  r e a d i n e s s  and c a p a b i l i t y  
f o r  development, and societal i n t e r e s t  are all p r e s e n t  a t  t h e  same 
t i m e .  Th i s  was t h e  s i t u a t i o n  that existed w i t h  r e s p e c t  to 
long-haul convent iona l  subsonic  t r a n s p o r t s  a t  t h e  t ime t h e  ACEE 
program commenced. The a p p r o p r i a t e  t h i n g  for new l a r g e - s c a l e  
focused i n i t i a t i v e s  i n  o t h e r  areas depends on how r a p i d l y  t h e  
r e q u i r e d  combination of f a c t o r s  m a t e r i a l i z e s  f o r  t h o s e  areas. 

The remainder of t h i s  paper  c o n t a i n s  an a n a l y s i s  of t h e s e  
f a c t o r s  w i t h  respect to p o t e n t i a l  i n i t i a t i v e s  i n  various segments 
of the c i v i l  a e r o n a u t i c s  f i e l d ,  and o u t l i n e s  t h e  cor responding  
program o p t i o n s  which may b e  a p p r o p r i a t e  as a d d i t i o n s  t o  t h e  
p r e s e n t l y  planned NASA Aeronau t i c s  program, e i t h e r  i n  t h e  near  
tern or  a t  a l a t e r  d a t e .  These program o p t i o n s  a r e  p r e s e n t e d  as 
i n t e g r a t e d  t o t a l  packages which apply  l a r g e  r e s o u r c e s  t o  t h e  area 
i n  ques t ion .  
t r e a t e d  also as  i n c r e m e n t a l  a c t i v i t i e s  p r o v i d i n g  lesser b u t  never- 
theless e f f e c t i v e  p r o g r e s s  t o w a r d , t h e  d e s i r e d  technology advances.  

The program components can  i n  m o s t  i n s t a n c e s  be 

2 . POTENTIAL NEW-INITIATIVE M A S  

I n  t h i s  s e c t i o n ,  s p e c i f i c  a i rcraf t  t y p e s  are cons ide red  i n  t w o  
classes : l o n  haul ( subson ic ,  supe r son ic ,  l a r g e  c a r g o / l o g i s t i c ,  

c ra f t ,  commuter t r a n s p o r t s ,  and g e n e r a l  a v i a t i o n ) .  For each 
of t h e  a i r c r a f t  t y p e s ,  which r e p r e s e n t  those from which cand i -  
d a t e s  f o r  a p p r o p r i a t e  focused i n i t i a t i v e s  are m o s t  l i k e l y  t o  
emerge, t h e  d i s c u s s i o n  o u t l i n e s  the r e i s v a n t  market factors, 
t h e  a b i l i t y  and r e a d i n e s s  of t h e  i n d u s t r y  t o  under take  new 
development programs, and t h e  technology factors which will 
i n f l u e n c e  d e c i s i o n s  as t o  t h e  t iming  of p o t e n t i a l  new major 
a e r o n a u t i c s  i n i t i a t i v e s .  

and cryogenic-  + u e l  t r a n s p o r t s )  and s h o r t  h a u l / u t i l i t y  (rotor- 
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2 . 1  LONG-HAUL AIRCRAFT 

h 

, .  

The long-haul c i v i l  a i r c ra f t  market c o n s i s t s  of c u r r e n t  and 
f u t u r e  o p p o r t u n i t i e s  i n  subsonic t r a n s p o r t s ,  supe r son ic  
t r a n s p o r t s ,  l a r g e  c a r g o / l o g i s t i c  a i r c r a f t ,  and cryogenic-  
f u e l  t ranspor t s .  Each of these  e lements  i s  d i s c u s s e d  f r o m  t h e  
s t a n d p o i n t  of the  market s i t u a t i o n ,  t h e  i n d u s t r y  s i t u a t i o n ,  and 
t h e  t e c h n o l o g i c a l  f a c t o r s  involved. 

2 . 1 . 1  Subsonic Transpor t s  

The market f o r  new commercial a i r  t r a n s p o r t s  i s  undergoing a 
r ap id  expansion which f i n a n c i a l  a n a l y s t s  p r e d i c t  w i l l  peak 
probably between 1982 and 1984 a t  550-700 a i r c r a f t  d e l i v e r i e s  
per  yea r  (Refs.  2 ,  3 ,  4 ) .  This compares t o  a peak annual  
product ion  of less than  250 a i r c r a f t  and less  than  3000 a i r -  
c r a f t  d e l i v e r i e s  d u r i n g  t h e  1 9 7 0 ' s .  Sales of commercial 
t r a n s p o r t s  dur ing  t h e  p a s t  20 y e a r s  exceeded 6200 a i r c r a f t  
(over  $52 b i l l i o n  i n  c u r r e n t  d o l l a r s ) .  During t h e  nex t  twenty 
years ,  t h e  e n t i r e  e x i s t i n g  f l e e t  may be rep laced .  Over 5000 
a i r c r a f t  may be produced i n  t h e  nex t  decade and perhaps  ano the r  
5000 i n  t h e  decade ending i n  t h e  year  2000. F igu re  1 i l l u s -  
t ra tes  a major manufac tu re r ' s  view of t h e  h i s t o r i c  and f o r e c a s t  
l e v e l s  of cumulat ive a i r c r a f t  p roduct ion  (Ref. 5 )  . 
Two f a c t o r s  are d r i v i n g  t h i s  p o t e n t i a l l y  dramat ic  growth of  
a i r c r a f t  sales: (1) t h e  need t o  r e p l a c e  e x i s t i n g  a i r c r a f t ,  
and ( 2 )  t h e  growth i n  a i r  t r a v e l  demand. Over 2000 a i r c r a f t  
may be r e t i r e d  and need replacement  by 1990 due to t h e i r  age, 
no i se ,  emiss ions ,  and f u e l  consumption c h a r a c t e r i s t i c s .  A i r  
t r a v e l  demand i s  also r i s i n g ,  c r e a t i n g  a need f o r  more avail-  
able seats. F igure  2 p o r t r a y s  t h e  h i s t o r i c  and f o r e c a s t  
l c v c l s  of w o r l d w i d e  a i r  t rave l  i n  terms o f  revenue-passenger 
miles, 

His tor ica l ly ,  U.S. manufacturers  have produced almost 90 per- 
c e n t  of t h e  commercial a i r  t r a n s p o r t s ,  based upon a f u l l  a r r a y  
of a i r c r a f t  s i z e s  and m i s s i o n  characteristics, a l a r g e  domestic 
market, and e x t e n s i v e  s a l e s  abroad. I n  t h e  f u t u r e ,  the U.S .  
domestic a i r  carriers w i l l  be purchasing a smaller p o r t i o n  of 
t h e  wor ld ' s  new a i r c r a f t ,  due t o  more r a p i d  growth of a i r  
t r a f f i c  i n  o t h e r  p a r t s  of t h e  world and a long  i n t e r n a t i o n a l  
r o u t e s .  T h i s  t r e n d  w i l l  d i m i n i s h  t h e  re la t ive  market ing base 
of t h e  U.S.  a i r f r a m e  manufacturers .  Today, t h e  c h a l l e n g e  
from f o r e i g n  manufac turers  i s  s t r o n g  and t h e y  are making 
s e r i o u s  i n r o a d s  i n t o  w h a t  has been a U . S .  near-monopoly. 
For i n s t a n c e ,  McDonnell Douglas' 1 9 7 8  sales i n  t h e  w o r l d  a i r  
t r a n s p o r t  marke t  f e l l  t o  t h i r d  p l a c e ,  behind t h e  European 
Airbus consort ium which captured  30 p e r c e n t  of t h e  sales of 
wide-body jets. I n  moving i n t o  second p l a c e ,  t h e  Airbus 
consortium t r i p l e d  i t s  market share t o  1 9  pe rcen t .  There 
w i l l  be i n c r e a s i n g  compe t i t i on  from f o r e i g n  manufac turers  i n  
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t h e  f u t u r e  as they i n v e s t  revenues  f r o m  their  c u r r e n t  orders * 
i n t o  t h e  development of a f u l l  family of a i r c r a f t  s i z e s  f o r  
d i f f e r e n t  markets and missions.  This  t r e n d  i s  a l r e a d y  e v i d e n t  
w i t h  the d e c i s i o n  t o  b u i l d  t h e  smaller A310 d e r i v a t i v e  of t h e  
A300 and t h e  announcement that Ai rbus  i n t e n d s  t o  develop a 
four-engine,  long-range A300 d e r i v a t i v e  and a 130-160 passenger ,  
short/medium-range t r a n s p o r t .  

M u l t i n a t i o n a l  consortium arrangements  such as Airbus I n d u s t r i e s  
b e n e f i t  f r o m  broadened market appea l  as w e l l  as r i s k - s h a r i n g .  
Cur ren t ly ,  t h e  Airbus consor t ium's  new o r d e r s  f o r  i t s  
e x i s t i n g  A300 and A310 models exceed t h e  combined new orders 
for t h e  U.S.-made DC-10, L1011, and B767. Complaints have 
been voiced t o  t h e  e f f e c t  t h a t  some Airbus o r d e r s  may have been 
in f luenced  by c o n s i d e r a t i o n s  o t h e r  than p r i c e  or performance, 
such as  l e n i e n t  f i n a n c i n g  t e r m s ,  subs id ies ,  or v a r i o u s  forms 
of p o l i t i c a l  p ressure .  ( S i m i l a r  compla in ts  have been voiced 
regard ing  sales of U.S. products . )  The f a c t s  remain, however, 
t h a t  t h e  A300/A310 a i r c ra f t  are q u a l i t y  p roduc t s  i n c o r p o r a t i n g  
h igh ly  compet i t ive  technology,  and t h a t  t hey  s u c c e s s f u l l y  
fill impor tan t  m a r k e t  gaps.  
agreement on trade and c i v i l  a i rcraf t  is i n t ended  t o  p r o h i b i t  
u n f a i r  t r a d e  p r a c t i c e s  and e l imina te  t a r i f f  barriers, i n c l u d i n g  
t h e  U . S .  5-percent t a r i f f .  I n  t h e  h igh ly  c o m p e t i t i v e  y e a r s  
ahead, adherence t o  t h e  new trade agreement w i $ l  place an  
even g r e a t e r  premium on an a i r c r a f t ' s  t e c h n i c a l  and economic 
m e r i t s .  

The r e c e n t l y  a c c e p t e d  i n t e r n a t i o n a l  

The g e n e r a l  h e a l t h  of t h e  U.S. a i r  t r a n s p o r t  manufactur ing 
i n d u s t r y  i s  good, a l though l imited resources and u n c e r t a i n t i e s  
concerning a i r l i n e  f i n a n c e s ,  f u e l  a v a i l a b i l i t y ,  t h e  i m p l i c a t i o n s  
of a de regu la t ed  a i r  carrie,r market ,  f u t u r e  environmental  
s t a n d a r d s ,  and t h e  e f f e c t s  of  i n f l a t i o n  have i n h i b i t e d  t h e  
dcvclopment of major new a i r c r a f t  d e s i g n s .  The r e c e n t  
evidence of a i r l i n e  i n t e n t i o n s  and c a p a b i l i t y  t o  begin 
l a rge - sca l e  new f l e e t  purchases  has prompted t h e  B757 and B767 
developments and t h e  p lanning  of  t h e  B777 and several DC-10, 
L l O l l ,  and B747 d e r i v a t i v e s .  These d e s i g n s  g e n e r a l l y  
inco rpora t e  modest e v o l u t i o n a r y  technology advances d i r e c t e d  
a t  fuel e f f i c i e n c y ,  n o i s e  r e d u c t i o n ,  and reduced o p e r a t i n g  
costs. 

Development of a new commercial a i r c ra f t  i s  an  extremely 
r i s k y  ven tu re ,  w i t h  c a p i t a l  requi rements  o f t e n  e q u i v a l e n t  t o  o r  
g r e a t e r  t h a n  t h e  n e t  worth of the manufac turer  (Ref. 6) . 
A i r c r a f t  investment and r e t u r n  c y c l e s  are q u i t e  lengthy .  The 
development phase f o r  a new a i rc raf t  can t a k e  many yea r s .  
Extensive r e sea rch ,  development eng inee r ing ,  and t o o l i n g  
costs  are incur red  before a p p r e c i a b l e  payments are rece ived .  
P r o f i t s  may not s t a r t  t o  acc rue  t o  t h e  manufacturer  u n t i l  
t h e r e  have been as many as t e n  y e a r s  of deliveries involv ing ,  
a t  l eas t  300-400 orders. Under such c i rcumstances ,  managements 
are ve ry  circumspect  b e f o r e  committing r e s o u r c e s  t o  a new 
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ven tu re  o r  i n c o r p o r a t i n g  r a d i c a l  i nnova t ions  and technology . 
Product ion r u n s  of s u c c e s s f u l  a i r c ra f t  may span twenty y e a r s  
o r  more. 

Despi te  many o p t i m i s t i c  forecasts of a i r l i n e  t r a f f i c  growth, t h e r e  
arc s t i l l  u n c e r t a i n t i e s  a s  to whether a i r  carrier e a r n i n g s  
growth and f i n a n c i a l  r e s o u r c e s  w i l l  s uppor t  t h e  enormous a i r -  
c r a f t  sa les  t h a t  have been f o r e c a s t  ( R e f .  7). I n  any even t ,  it 
i s  h igh ly  u n l i k e l y  t h a t  t h e  air  carriers now o r d e r i n g  s u b s t a n t i a l  
numbers of new a i rc raf t  o r  new d e r i v a t i v e s  w i l l  be ready f o r  
purchases  of "newer-generation" a i r c r a f t  i n  t h e  near  f u t u r e .  

M i l i t a r y  developments i n  t h e  pas t  o f t e n  r e s u l t e d  i n  a i r c ra f t  
which led to ,  or f a c i l i t a t e d ,  r e l a t e d  c i v i l  v e r s i o n s .  One 
widely c i t e d  example i s  the  r e l a t i o n s h i p  between t h e  KC-135 
t a n k e r  and t h e  B707. Recent ly ,  however, t h e  m i l i t a r y  have not  
been developing t r a n s p o r t - t y p e  a i r c r a f t  t h a t  could serve t o  
f a c i l i t a t e  c i v i l i a n  o f f s h o o t s .  The A i r  Force a d a p t a t i o n  of 
t h e  DC-10 as  i t s  new tanker /cargo  a i r c r a f t ,  t h e  B707 f o r  AWACS, 
and t h e  B747 for  t h e  Airborne  Command Post appear  t o  suppor t  
t h e  b e l i e f  t h a t  m i l i t a r y  programs w i l l  n o t  spur  accelerated 
development of new long-haul c i v i l  a i r  passenger  t r a n s p o r t s  . 
T h e  above d i s c u s s i o n  leads one t o  conclude t h a t  t h e  i n t r o -  
d u c t i o n  of a comple te ly  new long-haul subsonic  t r a n s p o r t  du r ing  
t h e  1 9 8 0 ' s  has  been l a r g e l y  preempted by t h e  d e c i s i o n  to  produce 
t h e  B757 and B767 dur ing  t h e  e a r l y  1980's, and by p l ans  f o r  t h e  
I3777 and for DC-10, B747, L1011, and Airbus d e r i v a t i v e s .  These 
a i r c r a f t  w i l l  i n c o r p o r a t e  some of t h e  technology t h a t  has been 
developed as  p a r t  of t h e  ACEE program. Add i t iona l  technology 
developed i n  t h e  ACEE program w i l l  be a v a i l a b l e  for  i n c o r p o r a t i o n  
i n  subsequent  d e r i v a t i v e s  of t h e s e  a i rc raf t  and i n  new des igns  
for  t h e  pe r iod  beyond t h e  1980's, as  w i l l  f u r t h e r  advances i n  
s a f e t y ,  t e rmina l  o p e r a t i o n s  c a p a b i l i t y ,  n a v i g a t i o n  and c o n t r o l ,  
environmental  a c c e p t a b i l i t y ,  engine performance and more e x t e n s i v e  
u s e  of composite materials. T h e s e  advances w i l l  depend on 
expanded research and technology e f f o r t s  which, as  o u t l i n e d  
i n  S e c t i o n  3.1, could take  p lace  both  i n  p a r a l l e l  wi th  and 
subsequent  t o  t h e  ACEE program. A t  t h i s  t i m e ,  however, it 
does n o t  appear  t h a t  a major new ACEE-type focused i n i t i a t i v e  
i s  r e q u i r e d  for  t h e  f u r t h e r  development o f  subsonic  t r a n s p o r t s  
i n  t h e  near  f u t u r e .  

2 . 1 . 2  Supersonic  T r a n s p o r t s  

I n  t h e  1 9 6 0 ' s ,  t h e  governments of G r e a t  B r i t a i n ,  France ,  t h e  
S o v i e t  Union, and t h e  U . S .  were pursu ing  technology and p r o t o t y p e  
programs i n  s u p p o r t  of p o t e n t i a l  supe r son ic  t r a n s p o r t  develop-  
ments. I n  1971, t h e  U.S. p r o j e c t  w a s  abandoned. The B r i t i s h /  
French Concorde program c o n t i n u e d  and t h e  a i r c r a f t  i s  now i n  
r e g u l a r  commercial service. Severa l  v e r s i o n s  of t h e  Soviet 
TU-144 have been u t i l i z e d  i n  ex tens ive  tes t  programs and 
these a c t i v i t i e s  are  cont inuing .  
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The market and i n d u s t r y  factors d i scussed  i n  S e c t i o n  2 . 1 . 1  are 
g e n e r a l l y  a p p l i c a b l e  t o  supe r son ic  as w e l l  as subsonic  t r a n s -  
p o r t s ,  and sugges t  t h a t  development of a new supe r son ic  t r a n s p o r t  
L c t f o r c  1 9 9 0  would be ra ther  u n l i k e l y .  However, t h e r e  are s t r o n g  
ind ic i . i t i ons  t h a t  a s  t h e  a i r  t r a n s p o r t a t i o n  demand growth 
c o n t i n u e s ,  and p a r t i c u l a r l y  as expanded trade w i t h  A s i a ,  A f r i c a ,  
dnd South America creates  i n c r e a s e d  t r a f f i c  i n  t h e  longe r -  
d i s t a n c e ,  time-consuming over-ocean r o u t e s ,  a n  impor t an t  marke t  
f o r  a second-generat ion SST w i l l  m a t e r i a l i z e  a t  a la ter  d a t e .  

Projections t o  the  yea r  2000 i n d i c a t e  a market f o r  s e v e r a l  
hundred SST's--a l a r g e  enough number f o r  a n  economical ly  
s u c c e s s f u l  s i n g l e  v e n t u r e ,  b u t  no t  l a r g e  enough to  c l e a r l y  a s s u r e  
success  f o r  two competing programs. Although t h e  p r o j e c t e d  
product ion  q u a n t i t y  i s  a p p r e c i a b l y  smaller than  t h o s e  of  most 
of t h e  s u c c e s s f u l  subson ic  t r a n s p o r t  programs, t h e  do l l a r  va lue  
of t h e  SST program takes  o n  greater s i g n i f i c a n c e  because of the 
h ighe r  u n i t  a i r c r a f t  cos t ,  p o s s i b l y  on t h e  order of three times 
t h a t  of t h e  l a r g e r  subson ic  aircraft .  Of  e q u a l  importance,  
however, i s  t h e  a n t i c i p a t e d  impact of SST sales on  t h e  sales 
of long-haul  subsonic  a i r c r a f t .  Because of t h e i r  h ighe r  pro- 
duc t i v i  t y ,  second-generat ion supe r son ic  t r a n s p o r t s  could 
r e p l a c e  approximately t w i c e  t h e  e q u i v a l e n t  number of subsonic  
t r a n s p o r t s .  I n  s h o r t ,  a s u c c e s s f u l  new s u p e r s o n i c  t r a n s p o r t  
program i n  which U . S .  manufac turers  d i d  n o t  p l a y  a major part  
would be i n j u r i o u s  t o  t h e  c o u n t r y ' s  a e r o n a u t i c a l  i n d u s t r y  and 
i t s  economy. 

To s a t i s f a c t o r i l y  f i l l  t h e  market  need, t h e  new a i r c r a f t  would 
have t o  show c o n s i d e r a b l e  improvements w i t h  r e s p e c t  t o  t h e  
shortcomings which led to  t h e  c a n c e l l a t i o n  of t h e  p rev ious  
U . S .  SST e f f o r t  and which have l i m i t e d  Concorde 's  commercial 
acceptance .  The r e q u i r e d  improvements i n c l u d e  meeting c u r r e n t  
FAR-36 n o i s e  s t a n d a r d s ,  s a t i s f y i n g  p o l l u t a n t  emiss ion  s t a n d a r d s  
both  i n  t h e  a i r p o r t  v i c i n i t y  and a t  a l t i t u d e ,  c a r r y i n g  
c o n s i d e r a b l y  h igher  passenger  payloads  over t r a n s p a c i f i c  
r anges  (4200-4800 n a u t i c a l  m i l e s )  a t  t i c k e t  p r i c e s  l o w e r  than  
t h e  e q u i v a l e n t  of c u r r e n t  f i rs t  class fares,  and a c h i e v i n g  
perhaps  a 50 pe rcen t  r e d u c t i o n  i n  direct  o p e r a t i n g  cos t .  The 
a i r c r a f t  would a l so  have t o  o p e r a t e  r easonab ly  e f f i c i e n t l y  a t  
subson ic  speeds for f l i g h t  over popula ted  l a n d  areas or d u r i n g  
eng ine-ou t s i tua t i o n s  . 
I n  view of the  b e n e f i t s  of Concorde o p e r a t i o n a l  and test 
expe r i ence ,  and t h e  a d d i t i o n a l  advantage  of 20 more y e a r s  Of 
research and technology p r o g r e s s ,  there is  a h igh  p r o b a b i l i t y  
t h a t  a second-generat ion SST i n c o r p o r a t i n g  t h e  necessa ry  
improvements could be developed.  The 3 . S .  manufac tu re r s ,  of 
cour se ,  are not b e n e f i t t i n g  d i r e c t l y  f r o m  t he  Concorde or  
TU-144 exper ience .  They are, however, i nvo lved  i n  t h e  on- 
going  supersonic  c r u i s e  r e s e a r c h  which NASA h a s  been con- 
d u c t i n g  t o  main ta in  t h e  o p t i o n s  for e v e n t u a l  U . S .  s u p e r s o n i c  
t r a n s p o r t  development d e c i s i o n s .  



AS a r e s u l t  of the NASA and indus t ry  programs, t h e  advanced 
technology elements  e s s e n t i a l  to t h e  development of an 
economica 11 y s u c c e s s f u l  second-genera t i o n  super s o n i c  t r a n s p o r t  
have been i d e n t i f i e d ,  The e f f o r t s  r equ i r ed  f o r  technology 
v a l i d a t i o n  and technology r e a d i n e s s  have been d e s c r i b e d  i n  
t w o  NASA r e p o r t s  t o  t h e  House of Represen ta t ives  Committee on 
Sc ience  and Technology ( R e f s .  8 ,  9 )  and are d i s c u s s e d  f u r t h e r  
i n  Sec t ion  3 . 2 .  

Assuming t h e  necessary  technology can be brought  t o  a s t a t e  of  
r e a d i n e s s  which would make p o s s i b l e  s u f f i c i e n t l y  low-risk 
development, t h e  q u e s t i o n  of development cost  and f i n a n c i n g  
must still  be addressed .  The c o s t  of  deve loping  a t o t a l l y  new 
supersonic  t r a n s p o r t  m e e t i n g  a l l  of t h e  requi rements  o u t l i n e d  
above has  been es t imated  a t  6-10 b i l l i o n  dol lars .  It  i s  h i g h l y  
u n l i k e l y  t h a t  any one manufacturer would be capab le  of  under tak ing  
such a n  e f f o r t  i n  t h e  f o r e s e e a b l e  f u t u r e ,  and i t  i s  n o t  even 
clear t h a t  a commercial consortium development would be  f e a s i b l e .  
A less ambi t ious  advance, p a r t i c u l a r l y  i f  de r ived  f r o m  
Concorde, could be  developed a t  less cost and i n  less time, 
b u t  might  n o t  be  as s u c c e s s f u l  a product  economical ly .  

The d e c i s i o n  t o  p r o g r e s s  from the  p r e s e n t  supe r son ic  c r u i s e  
r e s e a r c h  level of  a c t i v i t y  to a large focused i n i t i a t i v e  
directed a t  technology v a l i d a t i o n  or  technology r e a d i n e s s  i s  
major ,  impor tan t ,  and complex. To proceed w i t h  so large a 
s t e p  wi thout  f i r s t  having resolved t h e  development f i n a n c i n g  
i s s u e  would be  an  expensive form of in su rance ,  a l though it 
might be a d e s i r a b l e  cour se  i f  t aken  consc ious ly .  On t h e  
other hand, e x c e s s i v e  d e l a y  i n  t h e  long lead technology 
p r e p a r a t i o n  p rocess  could  be  tantamount t o  l o s i n g  by d e f a u l t  
a key  component o f  f u t u r e  world l e a d e r s h i p  i n  t r a n s p o r t  air-  
c r a f t .  

The O f f i c e  of Technology A s s e s s m e n t  (OTA) i s  c u r r e n t l y  
conduct ing for t h e  Congress a s tudy  of  advanced a i r  t r a n s p o r t  
t echno logy ,  i n c l u d i n g  c o n s i d e r a t i o n  of  supe r son ic  t r a n s p o r t s  
a n d  t h e i r  economic i m p l i c a t i o n s .  This  s tudy  may produce 
informat ion  which w i l l  f a c i l i t a t e  t h e  necessary  n a t i o n a l  p o l i c y  
d e c i s i o n s .  The program o p t i o n s  d i s c u s s e d  i n  S e c t i o n  3 . 2  
i n c l u d e  p rogres s ion  from t h e  p re sen t  r e s e a r c h  level  of a c t i v i t y  
t o  a technology v a l i d a t i o n  program. 

2 . 1 . 3  Large Cargo/Logis t i c  A i r c r a f t  

A i r  f r e i g h t  p rov ides  a n  important  and growing service, and a p o t e n t i a l  
m a r k e t  f o r  new t r a n s p o r t  a i r c r a f t .  Cargo t r a f f i c  i n  1978 
amounted t o  8 b i l l i o n  ton-miles f o r  Z!sxescic U . S .  o p e r a t i o n s  
and 21 .6  b i l l i o n  ton-miles  worldwide exc luding  t h e  U S S R  and 
China. Despite t h e s e  impressive f i g u r e s ,  t h e  a i r  mode amounts 
t o  cons ide rab ly  less than  1 percent  of t h e  e n t i r e  f r e i g h t  
market. A i r  cargo rates,  inc luding  pickup and d e l i v e r y  
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charges ,  are g e n e r a l l y  2 t o  4 t i m e s  higher than  s u r f a c e  rates, and 
a i r  f r e i g h t  t y p i c a l l y  t a k e s  t h e  form of  s m a l l ,  h i g h - d e n s i t y  sh ip -  
ments being t r anspor t ed  by a i r  because of urgency, h i g h  v a l u e ,  
s e c u r i t y ,  or  p e r i s h a b i l i t y .  
t h e  f r e i g h t  marke t  does  n o t  i n c r e a s e  markedly beyond i t s  p r e s e n t  
smal l  share, the p r o j e c t e d  growth can be accommodated for  many y e a r s  
by t h e  u s e  of b e l l y  cargo compartments, and f r e i g h t e r  or "combi" 
v e r s i o n s ,  of  passenger t r a n s p o r t s .  I f  a i r  cargo ach ieves  a n  
apprec i ab ly  g r e a t e r  p e n e t r a t i o n ,  t h e  independent  development of  
dedicated f r e i g h t e r s  may be  warranted.  

I f  the a i r  mode's p e n e t r a t i o n  of 
? 

System s t u d i e s  have i n d i c a t e d  that a i r  t r a n s p o r t a t i o n  could a t t r a c t  
a much l a r g e r  f r a c t i o n  of t h e  cargo market i f  major improvements 
i n  s e r v i c e ,  and/or s i g n i f i c a n t  cost r e d u c t i o n s ,  w e r e  o f f e r e d .  
The d e s i r e d  improvements are on ly  p a r t i a l l y  associated wi th  
a i r c ra f t  c h a r a c t e r i s t i c s .  Some impor t an t  advances could  be 
achieved i n  new s p e c i a l i z e d  a i r  f r e i g h t e r  des igns- - for  i n s t a n c e ,  
l a r g e  cargo  a i r c r a f t  w i t h  payloads much greater than t h o s e  of t h e  
B747F or C-SA w i t h  reduced ton-mile o p e r a t i n g  costs, and a i r c ra f t  
s u f f i c i e n t l y  q u i e t  to permi t  uncons t ra ined  n i g h t  o p e r a t i o n s  a t  
major t e rmina l s .  The development of  such  a i r c r a f t  w i l l  r e q u i r e  
new technology beyond that be ing  gene ra t ed  for passenger  t r a n s p o r t s ,  
and  will be J u s t i f i e d  eeommaeaJJy onJy when the accelerated 
market growth a c t u a l l y  b e g i n s  t o  materialize.  

For perhaps t h e  nex t  decade, it appears t h a t  t h e  most f r u i t f u l  
e f f o r t s  t o  s t i m u l a t e  a i r  cargo growth would be t h o s e  focused on the 
improvement of service u t i l i z i n g  a i r c r a f t  now i n  o p e r a t i o n  or 
bcing developed. Improvements, f o r  example, i n  cargo handl ing  
and t r a n s f e r ,  in te rmodal  c o n t a i n e r s ,  systems management, rate 
r a t i o n a l i z a t i o n  and s i m p l i f i c a t i o n ,  market ing,  and schedul ing--  
a l l  d i r e c t c d  a t  a s s u r i n g  conven ien t ,  economical, and dependable  
door-to-door service--would be impor tan t  s t e p s  i n  c r e a t i n g  an 
a i r  cargo  m a r k e t  s t r o n g  enough to  war ran t  t h e  development of 
advanced f r e i g h t e r s .  The advanced f r e i g h t e r s  would of f e r  
s t i l l  g r e a t e r  improvements i n  cargo s e r v i c e  and economy and 
would c o n s t i t u t e  a p o t e n t i a l l y  impor t an t  prpduct  i n  t h e  world- 
wide competi t ion for  a i r c r a f t  sales. 

NASA s t u d i e s  sugges t  t h a t  new-technology dedicated f r e i g h t e r s  
may be needed toward t h e  end of  t h e  c e n t u r y ,  p a r t i c u l a r l y  for 
t h e  i n t e r n a t i o n a l  marke t .  A s  d i s c u s s e d  i n  S e c t i o n  3 . 3 ,  
re lated long-lead research is  a l r e a d y  i n  p r o g r e s s ,  and a major 
focused i n i t i a t i v e  i n  t h i s  area might be a p p r o p r i a t e  several 
y e a r s  f r o m  now. The n e c e s s i t y  for  i n c r e a s e d  emphasis on l a r g e  
cargo  a i r c r a f t  technology would be i n c r e a s e d  i f  a high n a t i o n a l  
p r i o r i t y  w e r e  a s s igned  to  a m i l i t a r y  requi rement  f o r  improved .I 

l o g i s t i c  support  c a p a b i l i t y .  Although commercial and m i l i t a r y  
requirements  d ive rge  i n  several impor tan t  a s p e c t s ,  t h e r e  i s  high 
commonality i n  many technology areas, and s t u d i e s  are be ing  conducted 
t o  determine the e x t e n t  t o  which common development of a l a r g e  
cargo  a i r c r a f t  might be f e a s i b l e .  
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Another factor which could in f luence  t h e  t h i n g  of a major 
focused i n i t i a t i v e  i n  t h i s  area is t h e  OTA s tudy  o f  advanced a i r  
t r a n s p o r t  technology mentioned i n  Sec t ion  2 . 1  . 2,  which i n c l u d e s  
c o n s i d e r a t i o n  o f  advanced large dedicated ca rgo  a i r c r a f t .  

2 .1 .4  Cryogenic-Fuel Transpor t s  

C i v i l  a i r  t r a n s p o r t a t i o n  c u r r e n t l y  accounts  for about  2 p e r c e n t  of 
t h c  t o t a l  U . S .  energy  consumption and about  4 p e r c e n t  of the 
petroleum energy consumed. Current r e s e a r c h  programs are gene- 
r a t i n g  technology f o r  major improvements i n  a i rc raf t  energy 
e f f i c i e n c y  . The q u e s t i o n  of f u t u r e  a v i a t i o n  f u e l  consumption 
remains an impor tan t  concern ,  however, because  of t h e  l a r g e  pro- 
jected growth i n  a i r  t r a n s p o r t a t i o n  and t h e  u n c e r t a i n t i e s  regard- 
ing  f u e l  a v a i l a b i l i t y  and pr i ce .  

As the h igher  g rades  of c rude  o i l  become more scarce and t h e  
demand increases, t h e r e  w i l l  be i n t e n s e  cornpet i t ion among u s e r s  
fo r  t h e  mid-d is t i l l a te  f r a c t i o n  of t h e  crude.  Avia t ion  w i l l  be 
i n  compet i t ion  d i r e c t l y  w i t h  i n d u s t r i e s  u s ing  tu rbo-gene ra to r s  
and d i e s e l  engines ,  and i n d i r e c t l y  wi th  f u e l - o i l  consumers. A s  
shown i n  F igu re  3 ,  t h e  normal service l i f e  of t h e  nex t  new 
commercial t r a n s p o r t  w i l l  span t h e  p r e d i c t e d  peak and s i g n i f i c a n t  
d e c l i n e  of worldwide crude oil product ion ,  

N A S A ' s  ongoing and planned propuls ion  r e s e a r c h  a c t i v i t y  i n c l u d e s  
s e r i o u s  emphasis on broadening f u e l  s p e c i f i c a t i o n s  i n  t h e  i n t e r e s t  
of g r e a t e r  f u e l  a v a i l a b i l i t y  and reduced r e f i n i n g  cost ,  and on 
a s s u r i n g  t h e  f e a s i b i l i t y  of c i v i l  a i r c r a f t  u s e  of s y n t h e t i c  a v i a t i o n  
kerosene der ived  from noncrude sources such as s h a l e  or coal. These 
e f for t s  should con t inue ,  b u t  a r e  no t  l i k e l y  t o  r e q u i r e  a major 
focused i n i t i a t i v e  i n  t h e  con tex t  of t h e  Committee r e q u e s t .  

The p o s s i b i l i t y  of a more d r a s t i c  d e p a r t u r e  i n  f u e l  t ypes  to  
be used i n  c i v i l  a i r c r a f t  does e x i s t ,  however, and t h i s  may 
e v e n t u a l l y  r e q u i r e  a major focused r e s e a r c h  and technology 
i n i t i a t i v e .  Liquid hydrogen (LH2) and l i q u i d  methane (LCH4) 
may become a t t rac t ive  as p o s s i b l e  a i r c r a f t  f u e l  a l t e r n a t i v e s  
because of t h e i r  h igh  energy conten t  pe r  pound and t h e i r  
p o t e n t i a l  environmental  advantages,  and because  they  may be 
de r ived  no t  on ly  from coal b u t  f r o m  renewable energy sources  as 
w e l l .  P re l imina ry  f l i g h t  t e s t i n g  conducted by the NACA i n  
1957  and more r e c e n t  s t u d i e s  have shown t h a t  t h e  u s e  of t h e s e  
c ryogenic  f u e l s  on l a r g e  a i r c r a f t  would be f e a s i b l e .  Seve ra l  
c r i t i ca l  technology needs have been i d e n t i f i e d ,  p a r t i c u l a r l y  
w i t h  r e s p e c t  t o  t h e  i n s u l a t i o n  and s t r u c t u r e  f o r  t h e  large 
cryogenic  f u e l  t a n k s  and t h e  pumping equipment f o r  d e l i v e r y  
of f u e l  t o  the  eng ines .  

Although t h e  a i r c ra f t  technology problems w i l l  r e q u i r e  c o n s i d e r a b l e  
t i m e  and r e s o u r c e s  t o  r e s o l v e ,  t h e  d e c i s i o n  t o  proceed w i t h  a 
major focused i n i t i a t i v e  on c ryogenic- fue l  t r a n s p o r t s  i s  in f luenced  
by s e v e r a l  other long-lead c o n s i d e r a t i o n s  which may be  more 

11 



fundamental. A number of p r o c e s s e s  f o r  the manufacture  and 
l i q u e f a c t i o n  of hydrogen and methane have been examined f r o m  the 
s t andpo in t  of  f e a s i b i l i t y ,  cost, and energy consumed i n  product ion .  
These s t u d i e s  d id  n o t  r e s o l v e  t h e  f u e l  p r i c e  q u e s t i o n ,  and it 
w a s  concluded t h a t  t h e  p r i c e  p i c t u r e  would no t  be clear u n t i l  p l a n t s  
are  cons t ruc t ed  and f u e l s  are a c t u a l l y  produced ( R e f .  1 0 )  . It  
i s  doub t fu l  t h a t  t h e  p r o s p e c t  of use  on t r a n s p o r t  a i rc raf t  
would, i n  i t s e l f ,  p rovide  s u f f i c i e n t  mot iva t ion  f o r  e s t a b l i s h i n g  
l a rge - sca l e  product ion and d i s t r i b u t i o n  f a c i l i t i e s  f o r  c ryogenic  
f u e l s  i n  t h e  near f u t u r e .  When more widespread u s e  of  t h e s e  f u e l s  
i s  fo reseen  f o r  o t h e r  purposes ,  t h e  a i r c r a f t  a p p l i c a t i o n  w i l l  
become more v iah le .  

* 

I n  a d d i t i o n  to  t h e  q u e s t i o n s  of i n i t i a l  manufacture and p r i c e ,  
a i r c r a f t  u s e  of c ryogenic  f u e l s  w i l l  r e q u i r e  c o s t l y  ground 
f a c i l i t i e s  a t  each a i r  t e r m i n a l  selected f o r  o p e r a t i o n .  
has  been es t imated ,  f o r  example, t h a t  the necessary  l i q u e f a c t i o n ,  
s t o r a g e ,  and d i s t r i b u t i o n  f ac i l i t i e s  f o r  San F ranc i sco  and O ' H a r e  
i n t e r n a t i o n a l  a i r p o r t s  a l o n e  would cost approximately $340 m i l l i o n  
and $470 m i l l i o n  r e s p e c t i v e l y  (Ref. 11) . 

I t  

Some Qf t h e  long-lead r e s e a r c h  and technology necessary  i n  
suppor t  of f u t u r e  a i r c r a f t  ue of cryogenic  f u e l s  can be accom- 
p l i s h e d  p r i o r  to  t h e  r e s o l u t i o n  of t h e  r e l a t e d  system and 
economic ques t ions .  These ques t ions  should,  however, be 
addressed before  a large-scale commitment of r e s o u r c e s ,  and 
e s c a l a t i o n  of t h e  r e s e a r c h  t o  a major new focused i n i t i a t i v e  
t h e r e f o r e  does n o t  appear  a d v i s a b l e  i n  t h e  very  near  t e r m .  

2 .2  SHORT-HAUL/UT ILITY AIRCRAFT 

Short-haul and u t i l i t y  a i r c r a f t  p rovide  a v a r i e t y  of e s s e n t i a l  
s e r v i c e s  and c o n s t i t u t e  a m u l t i - b i l l i o n  d o l l a r  annual  market of 
growing n a t i o n a l  and i n t e r n a t i o n a l  importance.  Inc luded  i n  
t h i s  ca t egory  a r e  r o t o r c r a f t ,  commuter t r a n s p o r t s ,  and g e n e r a l  
a v i a t i o n  a i r c r a f t ,  each of which i s  d i s c u s s e d  s e p a r a t e l y  i n  
t h i s  s e c t i o n .  

2 . 2 . 1  Ro to rc ra f t  

The g rowth  of  t h e  rotary-wing sector of a v i a t i o n  has g e n e r a l l y  
lagged t h a t  of convent iona l  fixed-wing a i r c r a f t  by 20 to  30 yea r s .  
A f t e r  t h e  d i f f i c u l t  i n i t i a l  achievement of c o n t r o l l e d  v e r t i c a l  
f l i g h t ,  h e l i c o p t e r s  evolved p r i m a r i l y  through expe r imen ta t ion  
w i t h  modest incremental  d e p a r t u r e s  f r o m  proven d e s i g n s .  They 
became va luab le  d e s p i t e  t e c h n i c a l  and economic shortcomings 
because of t h e i r  unique c a p a b i l i t y  t o  perform s p e c i a l i z e d  t a s k s .  
I n  r e c e n t  yea r s ,  i n d u s t r y  and Government R&D has r e s u l t e d  i n  
s i g n i f i c a n t  improvements, and rotorcraf t  have been recognized as 
p o t e n t i a l l y  va luable  f o r  u s e  i n  a n  i n c r e a s i n g  number of  m i l i t a r y  
and c i v i l  a p p l i c a t i o n s  i n  which t h e  r o t o r c r a f t ' s  cost- 
e f f e c t i v e n e s s  is impor tan t  as w e l l  as i t s  unique c a p a b i l i t y .  
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The r e c o g n i t i o n  of g r e a t l y  improved u t i l i t y  has  led t o  pro- 
j e c t i o n s  of l a r g e  and r a p i d  growth i n  the r o t o r c r a f t  market 
and t h e s e  have s t i m u l a t e d  aggres s ive  compet i t ion  among t h e  
world's  h e l i c o p t e r  manufacturers  . The U . S .  p o s i t i o n  as t h e  
trcc-wprld leader i n  t h i s  f i e l d  i s  be ing  e r f e c t i v e l y  cha l l enged  
by foreign d e s i g n e r s .  Successfu l  response  to  t h i s  c h a l l e n g e  
rcquircs the i nnova t ive  a p p l i c a t i o n  of advanced technology to  
achieve  apprec i ab ly  improved v e h i c l e s  with h ighe r  r e l i a b i l i t y ,  
reduced cos t  of ownership,  and i n c r e a s e d  o p e r a t i o n a l  c a p a b i l i t y .  

Bus iness  rotorcraf t  r e p r e s e n t  a growing f a c t o r  i n  a i r  t r a n s -  
p o r t a t i o n ,  w i t h  p a r t i c u l a r  a t t r a c t i v e n e s s  a t  d i s t a n c e s  between 
approximately 50 and 200 m i l e s  and i n  s i t u a t i o n s  i n  which the 
va lue  of t r a v e l e r s  ' t h e  i s  important .  Execut ive t r a n s p o r t a -  
t i o n  by h e l i c o p t e r  has  been growing a t  a rate i n  excess  of 20 
pe rcen t .  With i n c r e a s e d  cruise speeds ,  t h e  h e l i c o p t e r  w i l l  
be compe t i t i ve  w i t h  fixed-wing a i r c r a f t  a t  even longe r  ranges ,  
and the  b u s i n e s s  and a i r - t a x i  markets  should expand even more 
r a p i d l y .  Scheduled h e l i c o p t e r  s e r v i c e  i s  l i k e l y  t o  grow, 
p a r t i c u l a r l y  as  i n c r e a s i n g  a i r  t r a n s p o r t a t i o n  demand leads 
t o  s e r i o u s  conges t ion  a t  major hubs, bu t  w i l l  depend l a r g e l y  
o n  t h e  r e a l i z a t i o n  of major c o s t  r e d u c t i o n s  through new 
technology a p p l i e d  t o  large r o t o r c r a f t  o f  100-200 passenger  
c a p a c i t y  . 
Hel i cop te r s  have i n  r e c e n t  yea r s  made s u b s t a n t i a l  c o n t r i b u -  
t i o n s  t o  forest  management inc lud ing  disease p r o t e c t i o n  and 
seeding ,  forest  f i r e f  i g h t i n g ,  and timber h a r v e s t i n g  i n  
i n a c c e s s i b l e  areas. Although they  comprise only  1 0  p e r c e n t  
of t h e  t o t a l  a g r i c u l t u r a l  a i r c r a f t  f l e e t ,  h e l i c o p t e r s  are 
estimated t o  accomplish 20 p e r c e n t  of  t h e  a g r i c u l t u r a l  work 
because of t h e  inc reased  p r o d u c t i v i t y  r e s u l t i n g  f r o m  t h e i r  
g r e a t e r  maneuverab i l i t y  and t h e i r  a b i l i t y  t o  r e f u e l  and r e l o a d  
on s i t e .  

H e l i c o p t e r s  have become a v i t a l  too l  i n  t h e  s e a r c h  f o r ,  and 
product ion  o f ,  e s s e n t i a l  n a t u r a l  r e s o u r c e s - - p a r t i c u l a r l y  i n  
remote c o a l  o r  o i l  f i e l d s  and i n  o f f - sho re  o i l  o p e r a t i o n s .  
They now provide t r a n s p o r t a t i o n  for  some 230,000 passengers  
each month i n  t h e  Gulf of Mexico a lone ,  and over 80 ,000  i n  
t h e  new North Sea o p e r a t i o n s .  Worldwide t o t a l s  i n  excess of 
o n e  m i l l i o n  passengers  a month are p r o j e c t e d  by 1985, wi th  
average  s t a g e  l e n g t h s  doubl ing t o  200 n a u t i c a l  m i l e s .  With 
t h e  i n t r o d u c t i o n  of l a r g e r  h e l i c o p t e r s ,  movements of heavy 
c r a n e s  and o t h e r  equipment as w e l l  as people  are a n t i c i p a t e d .  

S i m i l a r  examples of r o t o r c r a f t  demand growth are found i n  
mining (e.g., a 14-fold i n c r e a s e  i n  mining companies employing 
h e l i c o p t e r s  from 1 9 7 4  t o  1977), c o n s t r x t i o n ,  p u b l i c  service 
( r e s c u e ,  police, and emergency ambulance mis s ions )  , and 
shor t -haul  cargo  movement. i n  snort ,  tremendous growth i n  
w o r l d w i d e  h e l i c o p t e r  f l e e t s ,  and f i e r c e  worldwide compe t i t i on  
for t h e  r o t o r c r a f t  market, may be  expected t o  occur  i n  the 
1980's and 1 9 9 0 ' s .  Growth rates i n  r e c e n t  h e l i c o p t e r  sales 
have been more than t w i c e  those  o f  conven t iona l  t r a n s p o r t s .  
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I n  the  p a s t ,  U . S .  manufac turers  have captured  over 80 per-  
c e n t  of  t he  free-world market sales. T h i s  f i g u r e  is  expected 
t o  d r o p  t o  s l i g h t l y  over 60 p e r c e n t  i n  the e a r l y  1980's .  Four 
major European companies ( A e r o e p a t i a l e ,  Westland, A g u s t a ,  
and Messerschmitt-Boelkow-Blohm) have now jo ined  the four  
major U . S .  companies as deve lope r s  and large-volume producers  
o €  nciw h e l i c o p t e r s ,  and companies i n  1 6  a d d i t i o n a l  c o u n t r i e s  
n o w  have, o r  w i l l  soon  have, product ion  c a p a b i l i t y  through 
l i c c n s c  agreements. I n  view of t h e  l a r g e r  number of compe- 
titors, the more d i v e r s e  n a t u r e  of p o t e n t i a l  cus tomers ,  and 
the lower cost  of new developments,  t h e  r o t o r c r a f t  market r ep re -  
s e n t s  more of a " f r e e - f o r - a l l "  s i t u a t i o n  than ,  f o r  example, 
t h e  compet i t ion  for long-haul subsonic  t r a n s p o r t  sales i n  t h e  
near f u t u r e .  U.S, manufac turers  have ample mot iva t ion  and f i n a n c i a l  
c a p a b i l i t y  t o  compete i n  t h i s  market,  b u t  w i l l  be hard p res sed  t o  
ma in ta in  a compet i t ive  edge f o r  des ign ing  t e c h n i c a l l y  s u p e r i o r  
v e h i c l e s  w i t h  inc reased  r e l i a b i l i t y ,  economy, and o p e r a t i o n a l  
c a p a b i l i t y .  An a c c e l e r a t i o n  of advanced technology development 
by NASA would p l ay  a n  impor t an t  role i n  t h e  outcome of t h i s  
f u t u r e  competi t ion.  

2.2 . 2 Commuter T r a n s p o r t s  

The commuter a i r  carrier segment of U.S .  a i r  t r a n s p o r t a t i o n  w a s  
e s t a b l i s h e d  by t h e  C i v i l  Aeronaut ics  Board i n  1969 to  ensu re  
service t o  s m a l l  communities. This low-densi ty  service had proven 
an  cconornic burden f i r s t  t o  t h e  t r u n k  a i r l i n e s  and then  t o  t h e  local 
service a i r l i n e s  as t hey  grew and upgraded t h e i r  f l e e t s  w i t h  
larger a i r c r a f t .  

Scheduled commuter a i r l i n e  service i n  the U.S. has  grown from 
4 . 2  m i l l i o n  passengers  and 38.7 m i l l i o n  pounds of cargo c a r r i e d  
in 1 9 7 0  t o  9 .2  m i l l i o n  passenge r s  and over 320 m i l l i o n  pounds 
of cargo c a r r i e d  i n  Fiscal Year 1978 .  U . S .  commuter a i r l i n e s  
now o p e r a t e  a t  over 8 0 0  a i r p o r t s ,  approximately h a l f  of which 
arc totally dependent on t h e  commuters for  t h e i r  a i r  service. 
Although c h a r a c t e r i s t i c s  vary  wide ly  among t h e  l a r g e  number of 
commuter a i r l i n e s  (260 i n  1978), commuter service g e n e r a l l y  
invo lves  connect ing o u t l y i n g  communities w i t h  a major c i t y  or 
a i r l i n e  hub, a t  d i s t a n c e s  ranging  t y p i c a l l y  f r o m  under 50 
m i l e s  t o  s l i g h t l y  over 200 m i l e s ,  The amounts of passenge r s ,  
ca rgo ,  and m a i l  boarded a t  m o s t  of the a i r p o r t s  served are 
q u i t e  s m a l l  and s m a l l  t r a n s p o r t  a i rc raf t  are needed for 
economical f r equen t  s e r v i c e .  

FAA forecasts p r o j e c t  con t inu ing  commuter growth, w i th  16.5 
m i l l i o n  passengers  expected i n  1 9 9 0  for  a t o t a l  of over 2 
b i l l i o n  revenue passenger  miles--an i n c r e a s e  of 163 p e r c e n t  
r e l a t i v e  t o  1978. Th i s  growth has been e s t i m a t e d  t o  create a 
need fo r  more than 250 a d d i t i o n a l  a i r c ra f t  i n  the 20-39 seat  
ca t egory  for  t h e  t o p  50 U . S .  commuter a i r l i n e s  a l o n e ,  and a 
minimum worldwide marke t  f o r  more than  t w i c e  t h a t  many. O t h e r  
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forecasts for t h e  y e a r s  1980-2000 sugges t  a t o t a l  world market 
for s m a l l  t r a n s p o r t  a i r c r a f t  i n  t h e  thousands f o r  each of three 
s i z e  c l a s s e s  (15-19 passenge r s ,  20-39 passengers ,  and 40-60 
p a s s e n g e r s ) ,  w i t h  s i g n i f i c a n t  numbers needed i n  many of t h e  
developing c o u n t r i e s .  

The U.S.-built a i r c r a f t  c u r r e n t l y  used by commuter a i r l i n e s  a r e  
p r i n c i p a l l y  d e r i v a t i v e s  of genera l  a v i a t i o n  a i r c ra f t  and w e r e  
n o t  i n i t i a l l y  designed t o  withstand t h e  h igh  u t i l i z a t i o n  rates 
demanded i n  scheduled t r a n s p o r t  o p e r a t i o n s  . A t  p r e s e n t ,  t h e r e  
i s  on ly  one cur ren t - technology small t r a n s p o r t - - t h e  19  passenger ,  
Swcaringen Metro--being produced i n  t h e  U . S .  t o  s a t i s f y  t h e  
commuter needs f o r  t r a n s p o r t  a i r c r a f t  i n  the 15-60 passenger  
c a p a c i t y  range, a l though  Beech r e c e n t l y  announced p l a n s  t o  
produce an improved v e r s i o n  of t h e  Beech 99  and three o t h e r  
models. T ranspor t s  i n  t h e  des i r ed  s i z e  classes are being pro- 
duced, and s o l d ,  by manufacturers  i n  Canada, Northern I r e l a n d ,  
t h e  Nether lands  and B r a z i l .  and f u t u r e  d e s i g n s  are being s t u d i e d  
i n  these c o u n t r i e s  and i n  France, W e s t  Germany and I t a l y  as  
w e l l .  

A t  t h e  p r e s e n t  t i m e ,  it i s  no t  clear t o  w h a t  degree  technology 
advances w i l l  i n f l u e n c e  f u t u r e  commuter t r a n s p o r t  developments. 
Although needs for improvement have been i d e n t i f i e d  i n  major 
t e c h n i c a l  d i s c i p l i n e s ,  i t  h a s  t hus  f a r  been d i f f i c u l t  t o  d e f i n e  
r e s e a r c h  directed toward these improvements which i s  t r u l y  unique 
r e l a t i v e  t o  t h e  r e s e a r c h  needs of g e n e r a l  a v i a t i o n  or conven t iona l  
t r a n s p o r t s .  I t  has  a l so  been d i f f i c u l t  t o  assess t h e  r e l a t i v e  
m e r i t s  of  technology advancement and d e s i g n  s i m p l i c i t y  as means 
of ach iev ing  t h e  cost r educ t ions  r e q u i r e d  f o r  a t t r a c t i v e  
compe t i t i ve  commuter t r a n s p o r t s  i n  t h e  15-60 passenger  s i z e  class . 
NASA has  undertaken c o n t r a c t e d  s t u d i e s  w i t h  U . S .  a i r f r a m e  and 
e n g i n e  manufac turers  t o  determine t h e  b e n e f i t s  t h a t  cand ida te  
advanced t echno log ie s  of fer t o  s m a l l ,  s ho r t -hau l  t r a n s p o r t s  f o r  
t h e  commuters. One of t h e  goals of t h e s e  s t u d i e s  i s  to  i d e n t i f y  
those advanced t e c h n o l o g i e s  wh ich  should be cons idered  f o r  
f u t u r e  research, and to  e s t a b l i s h  t h e  scope and schedules  
n e c e s s a r y  t o  achieve  t ime ly  technology r e a d i n e s s .  

These s t u d i e s  and t h e  OTA s tudy,  which i s  a l s o  addres s ing  low 
d e n s i t y  a i r  service, w i l l  provide impor tan t  i n s i g h t  as t o  t h e  
n a t u r e ,  scope, and t iming of focused technology i n i t i a t i v e s  
d i r e c t e d  a t  t h e  improvement of commuter t r a n s p o r t  a i r c r a f t .  

2 .2 .3  General  Av ia t ion  

General Avia t ion  ( G . A . )  c o n s i s t s  of  a l l  c i v i l  a v i a t i o n  a i r c r a f t  
and o p e r a t i o n s  other than  those of cer t i f icated a i r l i n e s ,  
commuter a i r l i n e s ,  and c o n t r a c t  carriers. Comprising over 98 
p e r c e n t  of a l l  c i v i l  a i rc raf t ,  G.A. c o n s i s t s  of many a i r c r a f t  
t y p e s  and s i z e s  ranging  f r o m  c o r p o r a t e  mul t i -engine  jet  a i r -  
c r a f t  t o  s m a l l  h o m e - h i l t s .  This  d i v e r s i t y  r e p r e s e n t s  a 
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correspondingly broad spectrum of uses ,  i n c l u d i n g  b u s i n e s s  
t r a n s p o r t a t i o n ,  a i r  t a x i  and u t i l i t y ,  a g r i c u l t u r a l  and 
i n d u s t r i a l  ope ra t ions ,  p u b l i c  service, pe r sona l  t r a n s p o r t a -  
t i o n ,  t r a i n i n g  and recrea t ion . ,  

'l'hc. dominant use of G.A. is by b u s i n e s s  and i n d u s t r y ,  and t h i s  
yt*,Jr more than  76 p e r c e n t  of t h e  41 m i l l i o n  G.A. 'hours flown i n  
the U.S.  should serve t h e s e  purposes .  Notwithstanding t h i s  
f a c t ,  t h e  image of  G.A. a s  s p o r t  f l y i n g  has no t  been r ep laced  
i n  t h e  p u b l i c  consc iousness  by f u l l  r e c o g n i t i o n  of G . A . ' s  f a r  
g r e a t e r  role. The s i g n i f i c a n t  growth of G.A. i n  the U . S .  and 
world wide t e s t i f i e s  t o  i n c r e a s i n g  acceptance  of g e n e r a l  
a v i a t i o n ' s  c a p a b i l i t y  t o  provide  services which o t h e r  modes of 
t r anspor t a t ion  cannot  p rov ide  as e a s i l y ,  conven ien t ly ,  economical ly ,  
o r  s o m e t i m e s  a t  a l l .  By t h e  end of  1979, t h e r e  w i l l  be approx- 
imate ly  2 0 0 , 0 0 0  G . A .  a i r c r a f t  i n  t h e  U . S . ,  or  about  6 2  p e r c e n t  
of t h e  world's c i v i l  a i rc raf t  f l e e t .  I t  i s  estimated t h a t  by 
1 9 9 0  t h e  U.S. f leet  should  be n e a r l y  310,000 a i r c r a f t ,  wi th  
worldwide f l e e t  numbers s o m e w h a t  larger p r o p o r t i o n a t e l y  . 

? 

General a v i a t i o n  annual  sh ipments  and f a c t o r y  n e t  b i l l i n g s  by 
U . S .  i n d u s t r y  have grown s t e a d i l y  du r ing  t h e  1970's .  Shipnents  
and b i l l i n g s  i n  1979 should  be more than  18,000 units and $2.1 
b i l l i o n ,  compared to  7464 u n i t s  and $313 m i l l i o n  i n  1971 
(Ref. 1 2 ) .  U . S .  manufac turers  have t r a d i t i o n a l l y  provided more 
than  90 percent  of  t h e  world's  G.A. a i r c r a f t ,  and sizeable 
f r a c t i o n s  of annual d e l i v e r i e s  are t o  f o r e i g n  markets .  Exports 
have grown from 1845 u n i t s  worth $96 m i l l i o n  i n  1971 t o  an 
estimated 3700 u n i t s  worth $500 m i l l i o n  i n  1979. 

These s t a t i s t i c s  and growth p r o j e c t i o n s  h i g h l i g h t  t h e  p r e s e n t  
h e a l t h y  s t a t e  of g e n e r a l  a v i a t i o n  and i t s ' m a n u f a c t u r i n g  i n d u s t r y  
i n  t h e  U . S .  Despi te  t h i s ,  however, several n e g a t i v e  f a c t o r s  
have emerged which could  t r u n c a t e  growth and harm t h e  i n d u s t r y  
i f  n o t  remedied. Chief among t h e s e  factors are: 

o decreas ing  a v a i l a b i l i t y  of a v i a t i o n  g a s o l i n e  
o inc reas ing  f u e l  costs 
o growing p r e s s u r e s  t o  reduce a i r p o r t  environmental  no i se  
o growing t r a f f i c  conges t ion  a t  major a i r p o r t s  
o i n c r e a s i n g  concern over  the c o m p a t i b i l i t y  of G.A. w i t h  

the air t r a f f i c  c o n t r o l  system, e n r o u t e  and i n  the 
te rmina l  area 

0 i n c r e a s i n g  concern over G.A. s a f e t y  i s s u e s  
o i n c r e a s i n g  worldwide manufactur ing and sales compe t i t i on  

Whi le  t h e  underlying c o n d i t i o n s  which have caused these problems 
and cha l l enges  may be i n e v i t a b l e  consequences of G . A . ' s  success  
and the  r e s u l t i n g  i n c r e a s e  i n  numbers of a i r c r a f t  and o p e r a t i o n s ,  
f u r t h e r  t echno log ica l  advancements should be able t o  minimize or  
even circumvent t h e i r  u n d e s i r a b l e  consequences on t h e  f u t u r e  of 
G.A. The o p p o r t u n i t i e s  f o r  improvement i n c l u d e :  more f u e l -  
e f f i c i e n t  a i r c r a f t  and eng ines ;  more f u e l - c o n s e r v a t i v e  opera-  
t i o n s ;  improvements i n  p r o p e l l e r  aerodynamics and s t r u c t u r a l  
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e f f i c i e n c y ;  a i r c ra f t  d r a g  and weight r educ t ion ;  i n c r e a s e d  
s t a l l / s p i n  s a f e t y ;  greater p r o t e c t i o n  o f  occupants  i n  the even t  
o f  a c c i d e n t s ;  and major advances i n  improved and a f f o r d a b l e  
a v i o n i c s  systems fo r  nav iga t ion ,  c o n t r o l ,  and f l i g h t  management. 
S i g n i f i c a n t  o p p o r t u n i t i e s  also exist f o r  i n c r e a s e d  u t i l i t y  of 
General  Avia t ion  a i r c r a f t ,  such as t h e  improvement o f  aer ia l  
a p p l i c a t i o n s  technology fo r  a g r i c u l t u r a l  and related ac t iv i t ies .  

Worldwide compet i t ion  f o r  t h e  U. S.  General Av ia t ion  i n d u s t r y  
i s  a clear c h a l l e n g e ,  and perhaps a t h r e a t  t o  i t s  f u t u r e  economic 
h e a l t h .  G.A. e x p o r t s  are a l r eady  an  important c o n t r i b u t i o n  t o  
o u r  ba lance  of payments, and the expected f u t u r e  market growth 
w i l l  f u r t h e r  i n c r e a s e  t h e i r  importance to  t h e  U . S .  economy. 
The key i s s u e  i s  whether advanced r e s e a r c h  w i l l  be accomplished 
i n  t h e  U . S .  t o  provide  t h e  basic foundat ion  f o r  needed des ign  
improvements and innova t ions .  H i s t o r i c a l l y ,  t h e  G.A. i n d u s t r y  
has  n o t  had t h e  s t a f f ,  f a c i l i t i e s  and f i n a n c i a l  r e s o u r c e s  t o  
conduct  i t s  own long-lead r e sea rch ,  spending less than’ 5 p e r c e n t  
of i t s  g r o s s  sales on p roduc t  engineer ing  which inc luded  almost 
no advanced r e sea rch .  I n  c o n t r a s t ,  commercial t r a n s p o r t  manu- 
f a c t u r e r s  spend up t o  20 percent  of  their g r o s s  sales on 
eng inee r ing  geared t o  developing a h ighe r  technology product  
l i n e  (Ref. 13). Nei the r  s e g m e n t  of t h e  i n d u s t r y  has  adequate  
r e s o u r c e s  t o  conduct  a l l  of  the necessary  p r e c u r s o r  r e s e a r c h  
and technology. For many years ,  t h e  G.A. i n d u s t r y  has  r e l i e d  
h e a v i l y  on technology derived f r o m  Government programs such as 
NASA’s, and from c h a r a c t e r i s t i c a l l y  higher- technology ‘sectors 
of a v i a t i o n .  More r e c e n t l y ,  t h e r e  has  been a d ivergence  of  
technology a p p l i c a t i o n  between G.A. and t h e  m i l i t a r y  and t r a n s -  
p o r t  a i r c r a f t  f i e l d s ,  making technology t r a n s f e r  t o  G.A. more 
d i f f i c u l t .  Because of t h e s e  f a c t o r s ,  an  expanded, broadly-  
based NASA r e s e a r c h  and technology program aimed s p e c i f i c a l l y  
a t  t h e  unique needs and o p p o r t u n i t i e s  i n  General Avia t ion  may 
bc warranted n o t  on ly  t o  make a v a i l a b l e  a b e t t e r  t e c h n i c a l  
foundat ion  for  subsequent  commercial development, b u t  also t o  
provide  fo r  impor tan t  p u b l i c  b e n e f i t s  such as  improved s a f e t y ,  
reduced f u e l  consumption, g r e a t e r  u t i l i t y  and service, and 
environmental  p r o t e c t i o n .  

3 .  PROGRAM OPTIONS 

The foregoing  d i s c u s s i o n s  sugges t  t h a t  p o t e n t i a l l y  impor tan t  
major new focused i n i t i a t i v e s  e x i s t  i n  a v a r i e t y  of  c i v i l  
a e r o n a u t i c s  c a t e g o r i e s .  Some of the cand ida te  programs are 
l a r g e r  than  others and some appear more a p p r o p r i a t e  than o t h e r s  
for  implementat ion i n  t h e  very  near  f u t u r e .  

I n  g e n e r a l ,  c o n s i d e r a b l e  u n c e r t a i n t y  e x i s t s  as to  t h e  d e s i r a -  
b i l i t y  of  major new i n i t i a t i v e s  related t o  long-haul a i r  
t r a n s p o r t a t i o n  i n  t h e  immediate f u t u r e  . The t e c h n i c a l  c o n t e n t  
of s i g n i f i c a n t  a c t i v i t i e s  for  subsonic  and supe r son ic  t r a n s p o r t s  
and e x p l o r a t o r y  focused e f for t s  on large cargo/ logis t ic  a i r c r a f t  
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and cryogenic-fuel  t r a n s p o r t s  are p resen ted  i n  t h i s  Sec t ion .  
The major unanswered q u e s t i o n  a t  this time i s  the a p p r o p r i a t e  
t iming f o r  t h e  i n i t i a t i o n  of such o p t i o n s .  The p o t e n t i a l  
importance o f  such i n i t i a t i v e s  d i c t a t e s  that e f f e c t i v e  r e s e a r c h  
p r e p a r a t i o n  cont inue so t h a t  t h e  t r a n s i t i o n  to  these more 
focused e f for t s  can be e f f e c t e d  wi thout  de l ay  when the t iming 
becomes appropr i a t e .  I n  t h e  s h o r t - h a u l / u t i l i t y  area, e a r l y  
expanded a c t i v i t y  appea r s  a p p r o p r i a t e  w i t h  r e s p e c t  t o  r o t o r c r a f t  
and g e n e r a l  a v i a t i o n ,  and cont inued  s tudy  t o  de termine  r e q u i r e -  
m e n t s  f o r  new technology a p p l i c a b l e  t o  commuter t r a n s p o r t s  
appears  necessary.  

I n  a d d i t i o n  t o  p o t e n t i a l  focused i n i t i a t i v e s  f o r  s p e c i f i c  vehicle 
classes, t h e r e  are s e v e r a l  areas of  fundamental technology 
w h i c h  r e q u i r e  i n t e n s i v e  concen t r a t ed  e f f o r t s  because of t h e i r  
g e n e r i c  importance t o  a l l  of t h e  v e h i c l e  classes. The accomplish- 
ment  of these necessary  concen t r a t ed  technology e f f o r t s  may 
warran t  focused ac t iv i t ies  similar t o  t h o s e  r e q u i r e d  i n  t h e  
v e h i c l e - c l a s s  i n i t i a t i v e  s. 

The p o t e n t i a l  focused e f f o r t s  i n  each of  the i d e n t i f i e d  
need areas--seven vehicle classes and three fundamental 
technologies--are o u t l i n e d  i n  t h i s  Sec t ion .  Relat ive p r i o r i t i e s ,  
program s t a r t  d a t e s ,  and o v e r a l l  program ba lance  have not  been 
addressed and a r e  t h e  subject of con t inu ing  p lanning  s tud ie s .  

3 .1 SUBSONIC TRANSPORTS 

For  t h e  near  t e r m ,  i t , a p p e a r s  t h a t  i n d u s t r y  emphasis w i l l  be  on 
t h e  B757 and B767 as  w e l l  as derivat ives  of c u r r e n t  a i r c r a f t  
(e.g. ,  t h e  DC-10, L1011, B747) i n c o r p o r a t i n g  e v o l u t i o n a r y  
re f inements  which w i l l  r e s u l t  i n  q u i e t e r ,  more f u e l -  
e f f i c i e n t ,  lower maintenance subsonic  t r a n s p o r t s  compat ib le  
with expected h i g h e r  a i r  t r a f f i c  d e n s i t i e s .  For t h e  longer  
t e r m ,  i n  a d d i t i o n  t o  f u r t h e r  d e r i v a t i v e  a i r c r a f t ,  t h e  poten- 
t i a l  exists fo r  an era of new a i rc raf t  d e s i g n s  and concepts .  
Technology developments beyond those  c u r r e n t l y  planned could 
provide advancements w i th  which i n d u s t r y  d e s i g n e r s  and a i r -  
l i n e  o p e r a t o r s  could  f u r t h e r  improve subsonic  t r a n s p o r t s  t o  
counter  t he  i n c r e a s i n g  compe t i t i on  f r o m  f o r e i g n  manufac turers  
i n  t h e  world market and h e l p  p reven t  t h e  occurrence  of ter- 
minal area conges t ion .  

3.1 -1 Technology Needs 

The primary o p p o r t u n i t i e s  f o r  near- term a p p l i c a t i o n s  of tech-  
nology i n  subsonic t r a n s p o r t s  i nvo lve  engine  component upgrading,  
t h e  i n t r o d u c t i o n  of improved s t r u c t u r a l  materials i n  non- 
c r i t i c a l  components, m o d i f i c a t i o n s  for  better aerodynamic 
e f f i c i e n c y ,  and t h e  r e d u c t i o n  t o  p r a c t i c e  of improved t e r m i n a l  
a r ea  o p e r a t i o n a l  t echn iques .  For each a i r c r a f t  or engine modi- 

18  

. 



f i c a t i o n ,  t he  i n d u s t r y  would adopt those technology advances 
which o f f e r  a s a t i s f a c t o r y  l e v e l  of b e n e f i t  a t  an acceptable 
r i s k .  

For t h e  g e n e r a t i o n  of new t r a n s p o r t s  which cou$d be des igned  i n  
t h e  per iod  beyond t h e  1980's, t h e  o p p o r t u n i t y  would be available 
f o r  t h e  i n t r o d u c t i o n  of major advances i n  t r a n s p o r t  technology 
wi th  emphasis on energy e f f i c i e n c y  through advanced eng ines ,  
s t r u c t u r e s ,  aerodynamics,  av ion ic s  and c o n t r o l .  Emphasis 
would a l s o  con t inue  on environmental  c o m p a t i b i l i t y ,  s a f e t y  
and te rmina l -a rea  o p e r a t i o n s .  The technology must be devel-  
oped Lor i n t e g r a t i o n  of  t h e s e  s p e c i f i c  advancements i n t o  
t ransports  which e x h i b i t  higher p r o d u c t i v i t y ,  lower o p e r a t i n g  
costs,  lower a c q u i s i t i o n  costs, and c o m p a t i b i l i t y  wi th  t h e  
f u t u r e  a i r  t r a f f i c  c o n t r o l  sys tem.  

3.1.2 Ongoing Research 

The major t h r u s t  of t h e  c u r r e n t  NASA long-haul subsonic  t r a n s -  
p o r t  r e s e a r c h  e f f o r t  i s  t h e  m u l t i - d i s c i p l i n a r y  A i r c r a f t  Energy 
E f f i c i e n c y  program. The program f e a t u r e s  focused ac t iv i t ies  
i n  aerodynamics, s t r u c t u r e s  and ,materials, p ropu l s ion  .and con- 
t rols .  T h i s  i n i t i a t i v e  has s i x  major elements:  

o engine component improvement 
o energy e f f i c i e n t  engine 
o advanced turboprop  
o energy e f f i c i e n c y  t r a n s p o r t  
o laminar  f l o w  con t ro l  
o composite primary a i r c r a f t  s t r u c t u r e s  

The Engine Component Improvement program c o n s i s t s  of t w o  major 
a c t i v i t i e s - - e n g i n e  performance improvement and engine d iag-  
n o s t i c s ,  aimed a t  reducing  f u e l  consumption i n  c u r r e n t  engines  
by a t  l e a s t  5 p e r c e n t .  The screening  and detailed e v a l u a t i o n  
of promising component mod i f i ca t ion  concepts  f o r  t h e  JT8D, 
JT9D, and CF6 eng ines  have been completed f o r  t h e  engine per- 
formance a c t i v i t y .  Many of the advanced components eva lua ted  
a r e  i n c o r p o r a t e d  i n  t h e  new d e r i v a t i v e  eng ines  c u r r e n t l y  being 
o f f e r e d  by t h e  manufac turers .  The engine  d i a g n o s t i c s  a c t i v i t y  
has  p r i n c i p a l l y  focused on the  c o l l e c t i o n  and e v a l u a t f o n  of per-  
formance d e t e r i o r a t i o n  d a t a  on c u r r e n t  h igh-bypass- ra t io  
t u r b o f a n  engines .  A b e t t e r  understanding of t h e  d e t e r i o r a t i o n  
mechanisms has  led to  ad jus tments  i n  maintenance procedures  and 
des ign  p r a c t i c e s  t o  improve performance r e t e n t i o n  i n  c u r r e n t  and 
f u t u r e  engines .  

The o b j e c t i v e  of t h e  Energy E f f i c i e n t  Engine program i s  t o  develop 
and demonst ra te  t he  technology f o r  a new g e n e r a t i o n  of energy- 
e f f i c i e n t  t u rbo fan  eng ines .  The g o a l s  are to  reduce s p e c i f i c  
f u e l  consumption by a t  l eas t  1 2 . p e r c e n t  and improve d i r e c t  
o p e r a t i n g  costs by a t  l eas t  5 p e r c e n t  r e l a t i v e  t o  c u r r e n t  high-  
bypass - r a t io  eng ines ,  w h i l e  s imqltaneously reducing  n o i s e  and 
emiss ion  l e v e l s .  
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The Advanced Turboprop program is aimed a t  deve loping  technology 
for e f f i c i e n t ,  r e l i a b l e ,  and envi ronmenta l ly  a c c e p t a b l e  high-speed 
turboprop  propuls ion systems f o r  f u t u r e  commercial t r a n s p o r t  
a i r c r a f t .  The goals a r e  t o  reduce f u e l  consumption by 15 t o  20 
pe rcen t  and d i r e c t  o p e r a t i n g  c o s t s  by a t  l e a s t  5 p e r c e n t  
r e l a t i v e  t o  turbofan eng ines  w i t h  e q u i v a l e n t  technology.  

The Energy E f f i c i e n t  TranspPr t  program focuses  on advanced 
aerodynamics and a c t i v e  c o n t r o l s  technology f o r  a p p l i c a t i o n  t o  
d e r i v a t i v e  and new t r a n s p o r t  a i r c r a f t ,  A c t i v i t i e s  i nc lude  
r e s e a r c h  on  wing  t i p  e x t e n s i o n s  and w i n g l e t s ,  lower drag  
n a c e l l e s ,  reduced h o r i z o n t a l  t a i l  s i z e ,  and r e l i a b l e  f a u l t -  
t o l e r a n t  computers. 

Laminar F l o w  Control o f f e r s  t h e  p o t e n t i a l  of p rov id ing  f u e l  
s av ings  of from 20 t o  4 0  p e r c e n t  through r e d u c t i o n s  i n  a i rc raf t  
drag  a s  a r e s u l t  of ma in ta in ing  smooth or laminar  flow over t h e  
wings and empennage. A s u c t i o n  system would be used to  remove 
low-energy air n e a r  t h e  s u r f a c e  and the reby  c o n t r o l  t h e  boundary- 
l a y e r  flow c h a r a c t e r i s t i c s .  The Laminar Flow Cont ro l  program 
i s  aimed a t  the development of a p r a c t i c a l ,  r e l i a b l e ,  and main- 
t a i n a b l e  system for  boundary-layer  c o n t r o l .  

T h e  Composite P r i m a r y  A i r c r a f t  S t r u c t u r e s  program has t h e  ob- 
j e c t i v e  of a c c e l e r a t i n g  t h e  i n t r o d u c t i o n  of composite s t r u c t u r e s  
i n  commercial t r a n s p o r t  a i r c r a f t .  The program i n c l u d e s  the  
development of t h r e e  secondary and t h r e e  medium-sized primary 
components to v a l i d a t e  s t r u c t u r a l  and f a b r i c a t i o n  technology and 
t o  o b t a i n  component expe r i ence  i n  a i r l i n e  a p p l i c a t i o n s .  

Another major p a r t  of t h e  long-haul subsonic  t r a n s p o r t  r e s e a r c h  
and technology e f f o r t  i s  t h e  Terminal Configured Vehic le  (TCV) 
program, an advanced i n t e g r a t e d  s y s t e m s  tecnnology a c t i v i t y  
focused on improved o p e r a t i o n s  of conven t iona l  t akeof f  and 
landing  a i r c r a f t  i n  high d e n s i t y  t e r m i n a l  a r e a s  w i t h  reduced 
weather minima. The  purpose of t h e  program i s  t o  a d d r e s s  t h e  
improvement of a i r b o r n e  equipment and procedures  i n  f u t u r e  
high d e n s i t y  t e r m i n a l  a r e a s ,  c o n s i d e r i n g  advanced f l i g h t  systems 
( p r i m a r i l y  c o n t r o l s  and d i s p l a y s )  coupled w i t h  improved naviga- 
tion, communication, and l a n d i n g  guidance. P a r t  of t h i s  program 
is to a s s e s s  t h e  impact and i n t e r a c t i o n  of t h e s e  improvements 
w i t h  t h e  a i r  t r a f f i c  system; t h u s ,  TCV i s  a c o o p e r a t i v e  
endeavor with the  FAA and a i r l i n e  u s e r s ,  

3 . 1 . 3  Program 

The o b j e c t i v e  of a n  expanded r e s e a r c h  and technology program 
on  subsonic  t r a n s p o r t s  would be to  provide  t h e  b a s i s  f o r  a 
f u t u r e  gene ra t ion  of advanced technology t r a n s p o r t s  which could 
be designed and developed i n  t h e  pe r iod  beyond t h e  1980's. The 
o v e r a l l  conten t  of t h e  program can be  grouped i n t o  f i v e  a r e a s :  
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. 

1. Advanced TCV Technology - an augmentation t o  t h e  TCV 
program, u t i l i z i n g  more advanced a v i o n i c s  and 
a i r c r a f t  systems,  which would cont inue  as a c o o p e r a t i v e  
e f f o r t  w i t h  t h e  FAA. 

2 .  Advanced Commercial Engine Technology ’ -  an a g g r e s s i v e  
p ropu l s ion  technology development a n d  v a l i d a t i o n  
e f fo r t  beyond the Energy E f f i c i e n t  Engine program. 

3 .  Active Con t ro l s  Technology for Transpor t s  - a 
demonst ra t ion  of technology r e a d i n e s s .  

4 .  Avionics and Con t ro l s  I n t e g r a t i o n  - extending  ACEE 
program e f f o r t s  t o  inc lude  an in - se rv ice  demonst ra t ion .  

5. Larqe C o m p o s i t e  Primary A i r c r a f t  S t r u c t u r e s  - an 
e f fo r t  t o  demonstrate  composi tes  technology r e a d i n e s s  
i n  major s t r u c t u r e s  such as the wing and f u s e l a g e .  

The schedule  and funding for t h i s  program i s  shown i n  F igu re  4 
fo r  each  of i t s  elements.  

-. 
Advanced TCV Technology 

The o b j e c t i v e  of  t h i s  e f f o r t  would be t o  accelerate the 
de te rmina t ion  and v a l i d a t i o n  by f l i g h t  tests i n  an  a i r l i n e  
o p e r a t i o n a l  environment o f  t h e  optimum i n s t r u m e n t a t i o n  
and f l i g h t  c o n t r o l  concepts  for manual and au tomat ic  opera- 
t i o n  of convent iona l  and wide-body a i rc raf t  i n  a h igh  d e n s i t y  
t r a f f i c  environment. 

T h i s  program would encompass automatic/optimized c o c k p i t  
a c t i v i t i e s ,  enhanced p i l o t / c o n t r o l l e r  i n t e r a c t i o n s ,  more 
p r e c i s e  p o s i t i o n  f i x i n g ,  adverse  weather take-off and l and ing ,  
improved wcather in fo rma t ion ,  severe windshear c a p a b i l i t y ,  
op t imal  energy management, system f a u l t - t o l e r a n c e  and recon- 
f i g u r a t i o n ,  s o p h i s t i c a t e d  s e l f  - test  c a p a b i l i t y ,  c l imbout  and 
d e s c e n t  p r o f i l e s ,  high-speed runway t u r n o f f  c a p a b i l i t y ,  and 
accommodation of advanced A i r  T r a f f i c  Cont ro l  (ATC) concepts  
and procedures  . The t e c h n i c a l  approach would i n c l u d e  : 

- i n d u s t r y  s t u d i e s  of a i r b o r n e  system o p t i o n s  for  
improving p r o d u c t i v i t y  and equipment s h p l i f  i c a t i o n ;  

- upgrading t h e  TCV B737 a i r c r a f t  and s i m u l a t i o n  f a c i l i t i e s  
t o  i n c o r p o r a t e  improved d i s p l a y s ,  c o n t r o l ,  gu idance  and 
n a v i g a t i o n  systems f o r  conduct of i n t e r a c t i v e  e x p e r i -  
ments c o n s i s t e n t  w i t h  1 9 9 0  ATC system concepts ;  

- CaLaLlishment -.-.L of performance and o p e r a t i n g  l i m i t s  and 
d e f i n i t i o n s  of  hardware, c r e w  and ground i n t e r f a c e  
requi rements ;  

- i n t e g r a t i o n  of advanced technology c o c k p i t  d i s p l a y s ,  
c o n t r o l s  and a v i o n i c s  i n t o  a wide-body t r a n s p o r t  a i r c r a f t ;  
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- o n - l i n e  demonst ra t ions  du r ing  normal scheduled widebody 
a i r c r a f t  o p e r a t i o n s  t o  e s t a b l i s h  confidence i n  t h e  
s y s t e m ;  and 

- a n a l y s i s  of  r e s u l t s  t o  v e r i f y  c o m p a t i b i l i t y  of i n t e r f a c e s ,  
f u n c t i o n s ,  crew roles and procedures ,  p rovid ing  data 
on w h i c h  to  base  d e c i s i o n s  f o r  proceeding wi th  advanced 
s y s t e m  implementation. 

The above tasks  would be accomplished over a pe r iod  of e i g h t  
y e a r s .  T h i s  t i m e  span i s  necessary  i n  view of t h e  complexi ty  
of t h c  program. Program complet ion would occur as implementa- 
t i o n  of t h e  c o n t i n u a l l y  upgraded a i r  t r a f f i c  c o n t r o l  system 
t akes  p l a c e ,  and would a s s u r e  a technology base  for a i r b o r n e  
s y s t e m s  and f l i g h t  procedures  which would enab le  f u l l  compati- 
b i l i t y  of advanced technology t r a n s p o r t s  w i th  t h e  Na t iona l  
Avia t ion  System of t h e  1990's. 

Advanced Commercial Engine Technology (ACET) 

The o v e r a l l  o b j e c t i v e  of t h i s  e f f o r t  would be t o  develop and 
i n v e s t i g a t e ,  o n  a c o n t i n u i n g  basis, s e l e c t e d  advanced component 
and engine system t e c h n o l o g i e s  f o r  f u t u r e  economical and environ-  
menta l ly  accep tab le  subsonic  t r a n s p o r t  engines .  It would s e r v e  
a s  a focus  for the v a r i o u s  component R&T B a s e  fundamental 
t echnologies  by p rov id ing  a con t inu ing  p r o c e s s  of i n v e s t i g a t i o n  
and  e v a l u a t i o n  i n  a real is t ic  environment. I t  would also seek 
t o  main ta in  a state of technology r e a d i n e s s  t o  a s s u r e  c o n t i n u a l  
a v a i l a b i l i t y  of proven advanced engine components t h a t  meet 
t h e  s eve re  environmental  and performance demands of t h e  f u t u r e  . 
Thc ACET program would be s t r u c t u r e d  i n t o  t w o  phases  of f i v e  
and  s i x  yea r  d u r a t i o n  and would develop engine component t ech -  
no log ie s  a t  p r o g r e s s i v e l y  h ighe r  levels  of advancement r e l a t i v e  
t o  t h e  Energy E f f i c i e n t  Engine (EEE) program. 

Phase I would begin w i t h  t h e  s e l e c t i o n  of component t echno log ie s  
emerging f r o m  R&T B a s e  programs which e x h i b i t  p o t e n t i a l  
b e n e f i t s  i n  f u e l  e f f i c i e n c y ,  o p e r a t i n g  costs, performance 
r e t e n t i o n ,  emissions,  and no i se .  The t e c h n o l o g i e s  would be 
i n v e s t i g a t e d  by means of component r i g  tests, fol lowed by 
i n c o r p o r a t i o n  i n t o  t h e  advanced EEE core and i n t e g r a t e d  core 
low spool systems t e s t b e d s  fo r  f u r t h e r  e v a l u a t i o n  and f i n a l  
v e r i f i c a t i o n .  Candidate  Phase I components i n c l u d e  a high- 
p r e s s u r e  t u r b i n e ,  broad-specif  i c a t i o n  f u e l ,  low-emission 
combustor and a c losed- loop ,  modulated, act ive c l e a r a n c e  
c o n t r o l  system f o r  improved performance r e t e n t i o n .  

Phase I1 would ex tend  t h e  l e v e l  of component technology f u r t h e r  
t h a n  Phase I by i n c r e a s i n g  the  p r e s s u r e  and tempera ture  
l e v e l s  beyond t h e  c o n d i t i o n s  i n  t h e  c u r r e n t  EEE program. 
Higher performance compression systems wi th  minimum stages 
would be eva lua ted  a long  w i t h  h igh  work, second g e n e r a t i o n ,  
s ing le - s t age  t u r b i n e s .  F e a s i b i l i t y  and p r e l i m i n a r y  des ign  
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s t u d i e s  would be  conducted to ' a s ses s  the po ten t i a l  of emerg- 
i n g  R&T B a s e  t e c h n o l o g i e s .  Component r i g  tests would be 
conducted, fol lowed by i n v e s t i g a t i o n s  and e v a l u a t i o n s  a t  i n t e -  
g r a t e d  systems l e v e l s .  

Act ive  Con t ro l s  Technology f o r  Transports 

The o b j e c t i v e  of  t h i s  e f f o r t  would be  to  provide  t h e  a i r c r a f t  
i n d u s t r y  with t h e  conf idence  requi red  f o r  a p p l i c a t i o n  of Act ive 
Con t ro l s  Technology (ACT) t o  a f i r s t - g e n e r a t i o n  c o n t r o l -  
conf igured  t r a n s p o r t .  Inco rpora t ion  of  ACT concep t s  e a r l y  i n  
t h e  des ign  c y c l e  can p rov ide  t h e  d e s i g n e r  w i t h  more f l e x i b i l i t y  
i n  making t r a d e s  l e a d i n g  t o  the  " b e s t "  c o n f i g u r a t i o n .  Poten- 
t i a l l y  s i z e a b l e  r e d u c t i o n s  i n  f u e l  use due to  reduced a i rc raf t  
we igh t  and d rag  may be  p o s s i b l e .  Opera t iona l  d a t a  are needed, 
p a r t i c u l a r l y  systems exper ience  under c o n d i t i o n s  of r o u t i n e  
a i r l i n e  s e r v i c e  and maintenance. 

T h i s  program would c o n s i s t  of f e a s i b i l i t y  and des ign  s t u d i e s ;  
hardware and s o f t w a r e  f a b r i c a t i o n ,  development, and l a b o r a t o r y  
e v a l u a t i o n ;  and an i n - s e r v i c e  demonst ra t ion  o f  an ACT system 
r e t r o f i t t e d  t o  a contemporary t r a n s p o r t  a i r c r a f t  which would 
provide  a means f o r  accumulating a r e a l - w r l d  o p e r a t i o n a l  d a t a  
base. The t a s k s  would be d iv ided  i n t o  t w o  phases .  Phase  I 
would commence wi th  f e a s i b i l i t y  s t u d i e s  of advanced a v i o n i c s  
and c o n t r o l s  technology i n  a d d i t i o n  t o  t h e  Energy E f f i c i e n t  
T r a n s p o r t  a c t i v e  c o n t r o l s  systems concepts  and t h e  s e l e c t i o n  
of s p e c i f i c  concep t s  f o r  d e t a i l e d  des ign ,  f a b r i c a t i o n ,  ground 
t e s t ,  and l a b o r a t o r y  s imula t ions .  

I n  Phase 11, t h e  c o n t r o l  systems of one or  more contemporary 
s u b s o n i c  t r a n s p o r t s  would be s e l e c t e d  f o r  r e d e s i g n  wi th  a c t i v e  
c o n t r o l s .  A number of a i r c r a f t  would be  r e t r o f i t t e d .  Opera t ing  
a i r l i n e s  would o b t a i n  supplementary type  c e r t i f i c a t e s  f o r  t h e  
a i r c r a f t  and would provide  r o u t i n e  service and maintenance of 
the ACT s y s t e m s  du r ing  f l i g h t  o p e r a t i o n s  t o  accumulate  a s ta t i s -  
t i c a l  d a t a  base.  

The  o v e r a l l  program d u r a t i o n  would be e i g h t  y e a r s .  The d e c i s i o n  
concerning t h e  i n - s e r v i c e  demonst ra t ion  would be made du r ing  t h e  
t h i r d  year  of t h e  program, and t h e  f l i g h t  expe r i ence  accumulat ion 
and demonst ra t ions  would occur over t h e  f i n a l  f o u r  y e a r s .  The 
Phase I l a b o r a t o r y  tests would con t inue  i n  p a r a l l e l  as a 
suppor t  f u n c t i o n  t o  the  f l i g h t  exper iments .  

Avionics  and C o n t r o l s  I n t e g r a t i o n  

T h i s  a c t i v i t y  would develop  and demonst ra te  i n t e g r a t e d  
a v i o n i c s  and c o n t r o l  systems technology f o r  commercial t r a n s p o r t  
a p p l i c a t i o n s  i n  t h e  p e r i o d  beyond t h e  1980's. The o p p o r t u n i t y  
e x i s t s  for s i z e a b l e  b e n e f i t s  to accrue through s y s t e m a t i c  i n t e -  
g r a t e d  des ign  of t r a n s p o r t  av ion ic s  and control systems . 
Power and weight  s a v i n g s  are p o s s i b l e ,  t o g e t h e r  w i th  inc reased  
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r e l i a b i l i t y  and reduced maintenance through a r e d u c t i o n  i n  the 
number of system elements .  I n  z a d d i t i o n ,  added f l e x i b i l i t y  
could  be provided f o r  e f f e c t i n g  changes i n  mis s ion - re l a t ed  
a v i o n i c s  and c o n t r o l s  f u n c t i o n s  and c a p a b i l i t i e s  , An 
exper ience  data  base  from t h e  e v a l u a t i o n  of p o t e n t i a l  i n t e -  
g r a t e d  av ion ic s  and c o n t r o l  systems i s  needed b e f o r e  t h e s e  
types  of systems c a n  be inco rpora t ed  i n  f u t u r e  t r a n s p o r t  a i r -  
c r a f t  des igns  . 
The program w o u l d  cons i s t  of t w o  phases.  Phase I would 
inc lude  systems i n t e g r a t i o n  f u n c t i o n a l  requi rements  s t u d i e s ,  
a r c h i t e c t u r a l  concepts  d e f i n i t i o n ,  and c r i te r ia  fo rmula t ion  
for t h e  s e l e c t i o n  o f  a test  a i r c r a f t  f o r  a subsequent  f l i g h t  
e v a l u a t i o n  and demonst ra t ion  phase. Phase I1 would i n c l u d e  
des ign ,  procurement, and l a b o r a t o r y  e v a l u a t i o n ,  i n c l u d i n g  
s imula t ion ,  of those a v i o n i c s  and c o n t r o l  systems which have 
been i n t e g r a t e d .  ‘A subsonic  t r a n s p o r t  would be s e l e c t e d  f o r  
mod i f i ca t ion  through t h e  i n s t a l l a t i o n  of t h e  i n t e g r a t e d  
package. The modified a i r c r a f t  would be s u b j e c t e d  t o  f l i g h t  
e v a l u a t i o n  and systems demons t r a t ions  over approximate ly  a two- 
yea r  pe r iod  t o  v a l i d a t e  concept  f e a s i b i l i t y  and t o  develop an 
exper ience  d a t a  base u s e f u l  t o  i n d u s t r y .  

The emphasis of t h i s  program would be d i r e c t e d  towards reducing  
t h e  complexity and number of a v i o n i c s  and c o n t r o l  c i r c u i t s  
and components, op t imiz ing  p i l o t  workload to  improve crew 
performance and d e c i s i o n  making, reducing  t h e  need f o r  
maintenance and allocated costs, e x p l o i t i n g  a m u l t i - f u n c t i o n  
hardware and sof tware  c a p a b i l i t y ,  and ach iev ing  f a i l - f r e e  
d i s p l a y  redundancy, 

The o v e r a l l  program d u r a t i o n  would be e i g h t  y e a r s .  Phase I ,  
systems i n t e g r a t i o n  f e a s i b i l i t y  and concept  d e f i n i t i o n ,  would 
be t w o  y e a r s  i n  d u r a t i o n .  Phase 11, which would i n c l u d e  
system des ign ,  a i r c r a f t  a c q u i s i t i o n  and m o d i f i c a t i o n ,  ground 
tests and s imula t ion ,  would be s i x  y e a r s  long,  and would 
conclude w i t h  a two-year f l i g h t  test and e v a l u a t i o n  of t h e  
selected system concept ,  

Large Composite Primary A i r c r a f t  S t r u c t u r e s  

The o b j e c t i v e  of t h i s  a c t i v i t y  would be t o  p rov ide  f u l l - s c a l e  
v e r i f i c a t i o n  of technology r e a d i n e s s  fo r ,  large composite 
s t r u c t u r e s  (e .g . ,  wing and f u s e l a g e )  for subsonic  t r a n s p o r t  
a i r c r a f t .  The Composite Primary A i r c r a f t  S t r u c t u r e s  (CPAS) 
element of t h e  ACEE program has a c c e l e r a t e d  t h e  a p p l i c a t i o n  
of composi tes  to  secondary and s m a l l  primary s t r u c t u r e s  i n  
t r a n s p o r t  a i r c r a f t .  FOllOWQn CPAS effor ts  planned under 
t h e  ACEE program w i l l  c a r r y  t h e  development of composi tes  
technology for  large pr imary  a i r c r a f t  s t r u c t u r e s  through the 
technology v a l i d a t i o n  stage.. Large-size  primary s t r u c t u r e s  
ground t e s t  articles (e.g., s m a l l  f u s e l a g e  s e c t i o n s  or sub- 
assemblies and w i n g  box beam assemblies) w i l l  be  f a b r i c a t e d  
and t e s t e d .  
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Building on t h i s  founda t ion ,  a Large Composite Primary 
A i r c r a f t  S t r u c t u r e s  technology r e a d i n e s s  program would provide  
a l e v e l  of conf idence  t h a t  would ,enable  i n d u s t r y  t o  commit to  
product ion o f  l a r g e  primary composite s t r u c t u r e s .  

T h i s  program would c o n s i s t  of g u l l - s c a l e  f a b r i c a t i o n  and ground 
t e s t i n g  of a wing and a major gene r i c  f u s e l a g e  s e c t i o n .  The 
r e s u l t a n t  technology would provide a v a l i d  data base  f o r  f u l l -  
s c a l e  t o o l i n g  and f a b r i c a t i o n  methods, as w e l l  as  s t r u c t u r a l  
i n t e g r i t y .  

The  approach would be  t o  s a t i s f y  major technology needs. 
F o r  t h e  wing, t h e  major technology needs are: 

d u r a b i l i t y ,  damage t o l e r a n c e  
f u e l  containment ,  p r o t e c t i o n  
c r a s h m r t h i n e s s ,  fu se l age  and l and ing  
g e a r  i n t e r f a c e  
manufactur ing 
q u a l i t y  a s su rance  

f u s e l a g e ,  t h e  major technology needs are : 

s t r u c t u r a l  a c o u s t i c  design 
p r e s s u r i z e d  c a b i n  design 
p o s t  buckl ing  
passenger  p r o t e c t i o n  
manufactur ing 

Major airframe i n d u s t r y  involvement should provide  enough 
data  and methods v a l i d a t i o n  f o r  i n d u s t r y  t o  c o n f i d e n t l y  d e f i n e  
and q u a l i f y  p o i n t  des igns  t h a t  w i l l  l e ad  t o  product ion  commit- 
men t s  i nvo lv ing  l a r g e  primary composite s t r u c t u r e s .  More 
s p e c i f i c a l l y ,  t h e  fo l lowing  w o u l d  be t h e  technology or  
technology-re la ted  program goals :  

v e r i f i e d  p r e d i c t i o n  c a p a b i l i t y  
v e r i f i e d  des ign  concepts  f o r  s t r e n g t h  c r i t i c a l  s t r u c t u r e s  
q u a l i f i e d  manufacturing p r o c e s s e s  a t  a c c e p t a b l e  costs 
s o l u t i o n  of c r i t i c a l  wing/fuselage/empennage 
technology i s s u e s  
company conf idence  f o r  a i r c r a f t  warran ty  
FAA approved d a t a  base 

d u r a t i o n ,  c o n t i n g e n t  upon complet ion of t h e  
p r e s e n t l y  planned CPAS tasks,  would be f o u r  y e a r s  . 
3 . 2  SUPERSONIC TRANSPORT 

The o n l y  o p e r a t i o n a l  SST i n  the world today,  t h e  Concorde, 
has demonstrated t h e  t e c h n i c a l  f e a s i b i l i t y  of t r a n s a t l a n t i c  
supersonic  commercial t r a n s p o r t a t i o n  and t h e  p o t e n t i a l  f o r  
an expansion of a i r  r o u t e s  where speed is a v i t a l  f a c t o r  i n  
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i n t e r n a t i o n a l  commerce. However, t h e  Concorde has major 
d e f i c i e n c i e s  which i n h i b i t  i t s  development beyond t h e  pa th-  
f i n d e r  ro le  i t  i s  now play ing .  These d e f i c i e n c i e s  must 
be overcome for any f u t u r e  SST t o  be economical ly  viable and 
environmental ly  a c c e p t a b l e .  The o p e r a t i n g  economics of t h e  
Concorde a r e  s e r i o u s l y  c o n s t r a i n e d  by t h e  d e c i s i o n s  made 
whcn i t  was designed and by t h e  t echno log ie s  a v a i l a b l e  a t  
thc t i m e ,  almost t w o  decades  ago. A s u c c e s s f u l  SST of t h e  
f u t u r e  must have D.O.C. I s  compe t i t i ve  wi th  f u t u r e  subsonic  
t r a n s p o r t s ,  long range ,  minimal n o i s e  and good subsonic  
performance fo r  o p e r a t i o n s  over  areas where s o n i c  booms are 
precluded.  

T h e  advanced t echno log ie s  e s s e n t i a l  t o  an economical ly  v i a b l e  
and environmental ly  a c c e p t a b l e  second-generat ion SST have 
been  i d e n t i f i e d  a s  a r e s u l t  of t h e  NASA and i n d u s t r y  r e s e a r c h  
i n  t h e  Supersonic Cru i se  Research and t h e  V a r i a b l e  Cycle 
Engine Component programs. They encompass t h e  major d i s c i -  
p l i n e s  of aerodynamics, s t r u c t u r e s ,  p ropu l s ion  and p ropu l s ion /  
airframe i n t e r a c t i o n s  and systems i n t e g r a t i o n .  A l l  of t h e s e  
t echno log ie s  must be matured and validated b e f o r e  a develop- 
ment o p t i o n  can become a r e a l i t y .  

3.2.1 Technology Needs 

All work  t o  d a t e  has  been directed only  t o  " technology 
i d e n t i f i c a t i o n . "  The c u r r e n t  program is s e r i o u s l y  d e f i c i e n t  
i n  funding l e v e l  and t e c h n i c a l  dep th  i f  t h e r e  i s  eve r  t o  be 
any i n t e n t i o n  to provide  e i t h e r  a " technology v a l i d a t i o n "  or 
a "technology r e a d i n e s s "  p o s t u r e  i n  t h e  U . S .  aerospace  indus-  
t r y .  The consensus of op in ion  of  i n d u s t r y  and NASA, p r e s e n t e d  
t o  t h e  Congress i n  t w o  s e p a r a t e  NASA r e p o r t s  (References 8 
and 9 ) ,  i s  t h a t  an e x t e n s i v e  amount of work i s  r e q u i r e d  t o  
reach ei ther  level of technology.  The c u r r e n t  program does n o t  
provide for  con t inua t ion  of  t h e  V a r i a b l e  Cycle 'Epgine  Component 
(VCEC) program. The ongoing SCR e f f o r t  does n o t  provide  t h e  
necessary  depth i n  aerodynamic r e f inemen t  and 'da ta  base devel-  
opment, does  n o t  suppor t  l a r g e  h igh  tempera ture  t i t a n i u m  and 
composite s t r u c t u r e s  f a b r i c a t i o n  and l i f e  c y c l e  t e s t i n g ,  and 
does n o t  suppor t  t h e  larger scale hardware r e q u i r e d  t o  conduct 
meaningful propuls ion  sys tem/a i r f rame i n t e g r a t i o n  i n v e s t i g a -  
t i o n s .  T h i s  l a t t e r  area, i n  p a r t i c u l a r ,  r e q u i r e s  an  e x t e n s i v e  
cont inuing  e f f o r t  t o  provide  an  unders tanding  o f ,  and a d a t a  
base f o r ,  t h e  i n t e g r a t i o n  of e i t h e r  of  t h e  v a r i a b l e  c y c l e  
e n g i n e  concepts  w i t h  axisymmetr ic  v a r i a b l e  area i n l e t s  and 
coannular  nozz les  i n t o  podded n a c e l l e s  on v a r i o u s  a i r f r a m e  
c o n f i g u r a t i o n s .  

3 .2 .2  Ongoing Research 

The Variable Cycle Engine Component (VCEC) program, funded 
through FY 1980 ,  and t h e  ongoing leve l  of e f fo r t  Supersonic  
Cru i se  Research (SCR)  program, r e p r e s e n t  the t o t a l  U.S. 
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e f f o r t  d i r e c t e d  a t  advancing SST technology. These e f f o r t s ,  
i n i t i a t e d  i n  FY 1976 and F Y  1973 r e s p e c t i v e l y ,  have i d e n t i f i e d  
t h e  s i g n i f i c a n t  t e c h n i c a l  improvements for  des ign  and con- 
s t r u c t i o n  of advanced SST a i r c r a f t  wi th  environmental  com- 
p l i a n c e ,  r easonab le  f u e l  consumption c h a r a c t e r i s t i c s ,  and 
economic v i a b i l i t y .  

The work on VCEC has  been d iv ided  i n t o  t w o  s e p a r a t e  e f f o r t s  
w i t h  P r a t t  & Whitney (P&W) working on a Variable Stream 
Cont ro l  Engine concept  and General Electr ic  (GE) working 
on a Double Bypass Engine concept. Each manufacturer  is 
a t t empt ing  t o  e s t a b l i s h  t h a t  very d i f f e r e n t  component 
t echno log ie s ,  p e c u l i a r  t o  each engine  c y c l e  concept ,  are i n  
f a c t  v i a b l e .  

The ongoing SCR program i s  d iv ided  i n t o  t w o  b a s i c  p a r t s :  
t h e  f i r s t  i s  a group of "system s t u d i e s "  where each c o n t r a c t o r  
and a NASA in-house t e a m ,  using p r e l i m i n a r y  des ign  techniques ,  
assess t h e  broad a r r a y  of a p p l i c a b l e  technology on b a s e l i n e  
a i r c r a f t  concepts  . These b a s e l i n e  a i r c r a f t  concep t s  cover a 
wide range o f  c r u i s e  des ign  Mach numbers, weights ,  range,  pay- 
load, etc . ,  and p rov ide  a means fo r  making t r ade -o f f  and s e n s i -  
t i v i t y  comparisons. The second p a r t  i s  t h e  d i s c i p l i n e  r e s e a r c h  
and technology e f f o r t .  These a c t i v i t i e s  are focused on s p e c i f i c  
technology problem areas i n  aerodynamics, materials and s t r u c -  
t u r e s ,  p ropu l s ion  system/airframe i n t e g r a t i o n ,  s t a b i l i t y  and 
c o n t r o l ,  and n o i s e  r educ t ion .  E f f o r t s  conducted i n  disci- 
p l i n e  research and technology have a l l  been i d e n t i f i e d  i n  
t h e  systems s t u d i e s  as "high payoff" or "c r i t i ca l"  t ech -  
no log ie s .  

3 . 2 . 3  Program 

The o b j e c t i v e  of a d d i t i o n a l  a c t i v i t i e s  on supe r son ic  t r a n s -  
ports would be t o  develop t h e  primary t e c h n o l o g i e s  necessary  
t o  suppor t  a " t e c h n i c a l  readiness'' e f f o r t .  T h i s  could be 
accomplished by means of t h e  t h r e e  s e p a r a t e  e lements  of t h i s  
plan.  These elements  a r e :  (1) Propu l s ion  Technology, 
( 2 )  A i r f r a m e  Technology, and ( 3 )  A i r c r a f t  Systems Technology. 

The schedu le  and funding for t h e s e  ac t iv i t i e s  are shown i n  
F igu re  5. 

ProPuls ion  Technoloav 

The P ropu l s ion  Technology program would have 3 phases :  
Var i ab le  F l o w  P ropu l s ion  System Tech:Loiogy, Advanced C o r e  
System Technology, and Var i ab le  Cycle Experimental  Engine ( s )  . 
The i n i t i a l  e f for t  would be a broadened e x t e n s i o n  of the 
Variable Cycle Engine Component program. T h i s  would be 
i n i t i a t e d  i n  yea r  1 through t h e  V a r i a b l e  Flow Propuls ion  
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System Technology program, A companion e f f o r t  i n  Advanced 
C o r e  Eng ine  System Technology would be i n i t i a t e d  i n  yea r  2 
t o  provide  in-depth systems technology for  the  s u s t a i n e d  
h i g h  temperature  o p e r a t i o n a l  c a p a b i l i t y  r e q u i r e d  f o r  the 
core f o r  t h e  subsequent Variable Cycle Experimental  Engine (s) 
(VCELC) e f fo r t ,  

The p l a n  a l l o w s  these t w o  e f f o r t s  t o  cont inue  u n t i l  year  4 .  
T h e n  t h e  p rog res s  i n  t h e s e  t echno log ie s  would be brought  
together  f o r  t he  f u l l  demonst ra t ion  of t h e  v a r i a b l e  c y c l e  
e n g i n e  concept  ( s )  i n  t h e  Variable Cycle Experimental  Engine ( s )  
program. T h i s  e f f o r t ,  conducted on subsca le  eng ine  s i z e d  
hardware, would be t h e  cu lmina t ion  of t h e  VCE technology 
v a l i d a t i o n  e f f o r t s .  The VCEE program would b r i n g  t o g e t h e r  
thc unique cyc le  components, t h e  advanced core technology,  
t h e  axisymmetric i n l e t s ,  the  coannular  nozz le ,  and t h e  engine 
c o n t r o l  system, and t h e n  would demonstrate  t h e  des ign  process ,  
performance, noise ,  f u e l  consumption, and l i f e  c h a r a c t e r -  
i s t ics  for a r e p r e s e n t a t i v e  engine.  The program would 
g e n e r a t e  a data base  f o r  SST a i r c r a f t  engine des ign .  A d d i -  
t i o n a l  data could be acqu i r ed  through conduct o f  an  engine 
f l i g h t  test. 

A t  t h i s  p o i n t ,  v a r i a b l e  c y c l e  engine desfgn  o p t f o n s  should 
bc a v a i l a b l e  for a broad a r r a y  of  compe t i t i ve  c i v i l  SST 
a i r c ra f t  a p p l i c a t i o n s  or p o t e n t i a l  m i i i t a r y  a p p l i c a t i o n s  in 
VT’OL a i r c r a f t  or mixed-mode s t ra tegic/ tact ical  a i r c r a f t  
systems. 

A i r f r a m e  Technolocrv 

The A i r f r a m e  Technology program would c o n s i s t  of t w o  p a r t s  
d i r e c t e d  a t  problem a r e a s  p e c u l i a r  t o  commercial supe r son ic  
t r a n s p o r t  a i r c r a f t :  High Speed A i r c r a f t  S t r u c t u r e s  Technology, 
and N a c e l l e / A i r f r a m e  I n t e g r a t i o n .  These t w o  e f f o r t s  would be 
i n i t i a t e d  s imul taneous ly  i n  year  2 .  The f i r s t  add res ses  a 
m a j o r  technology void  i n  high tempera ture  s t r u c t u r e s  for high- 
speed a i r c r a f t .  T h i s  f i ve -yea r  e f f o r t  would be d i r e c t e d  a t  
material  s e l e c t i o n ,  des ign  methodology, manufactur ing p rocess  
v a r i a b l e s ,  f a b r i c a t i o n  and l i f e  t e s t i n g  of  l a r g e - s i z e d  compos- 
i t e  and t i t an ium s t r u c t u r e s .  T h e  absence of any p r i o r  expe r i ence  
w i t h  e i ther  of these new materials for high tempera ture ,  f l e x i -  
b l e ,  primary a i r c r a f t  s t r u c t u r e s  r e q u i r e s  t h a t  t h i s  r a t h e r  
large focused e f f o r t  be performed t o  a s s u r e  low development 
r i s k ,  e s t a b l i s h  conf idence ,  g e n e r a t e  a broad d e s i g n  d a t a  base,  
and provide  some basis f o r  cost p r e d i c t i o n .  

T h e  companion e f f o r t  i n  yea r  2 i s  the Nacel le /Airframe 
I n t e g r a t i o n  program. T h i s  e f f o r t  would develop a des ign  
methodology and a n  i n s t a l l a t i o n  d a t a  base f o r  podded n a c e l l e s  
o n  h igh ly  swept supe r son ic  wings over t h e  f u l l  speed r anse .  
The data base would be developed f o r  bo th  c a n d i d a t e  axisym- 
metric v a r i a b l e  a r e a  i n l e t s  ( t r a n s l a t i n g  and expanding c e n t e r -  
body) and both  v a r i a b l e  c y c l e  engine  concepts  w i t h  t h e i r  
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p r e f e r r e d  co-annular nozzle .  These are the GE Double Bypass 
Engine w i t h  an annu la r  plug nozzle and t h e  P&W Variable 
Stream Cont ro l  Engine wi th  a co-annular ejector nozz le .  The 
n a c e l l e  i n s t a l l a t i o n  d a t a  base must also address advanced 
n o i s e  r e d u c t i o n  technology,  advanced engine c o n t r o l s ,  and 
o p e r a t i o n a l  c o n d i t i o n s  such as nozz le  t h r u s t  reversal. 

A i r c r a f t  Systems Technology 

The A i r c r a f t  Systems Technology program would be d i r e c t e d  a t  t h e  
broad systems problems i n h e r e n t  i n  a l l  h i g h l y  i n t e g r a t e d  
supersonic  c r u i s e  a i r c r a f t .  The t w o  e lements  are: The 
High-speed Research A i r c r a f t  D e f i n i t i o n  Study,  and the  
Supersonic  Cru i se  Research-Technology V a l i d a t i o n  Program. 
'Ihc High-speed Research A i r c r a f t  D e f i n i t i o n  Study would be 
i n i t i a t e d  i n  yea r  2 w i th  t h e  i n t e n t  to  i d e n t i f y ,  d e f i n e ,  and 
es tab l i sh  those t echno log ie s  t h a t  r e q u i r e  i n f l i g h t  i n v e s t i g a -  
t i o n  and v a l i d a t i o n .  The e f f o r t  would sys temmat ica l ly  develop 
t h e  r a t i o n a l e  and t e c h n i c a l  j u s t i f i c a t i o n  f o r  t h e  t e c h n o l o g i e s  
t h a t  require demonst ra t ion  i n  f l i g h t .  The conduct of a d e f i n -  
i t i o n  s tudy  would then  assess f e a s i b i l i t y ,  i d e n t i f y  a l t e r n a t e  
approaches and i d e n t i f y  p r e f e r r e d  p a t h s  w i t h  cos ts ,  schedules  
and mi l e s tones  and t h e  documentation necessary  t o  suppor t  t h e  
dec i sion-making p r o c e s s  . 
The second a c t i v i t y ,  which could be i n i t i a t e d  i n  year  3 ,  i s  
t h e  Supersonic  C r u i s e  Technology V a l i d a t i o n  program. The 
scope of t h i s  e f f o r t  i s  p r e d i c a t e d  on the assumption t h a t  
three s p e c i f i c  e f for t s  i n  t h i s  approach had been p r e v i o u s l y  
i n i t i a t e d .  These are: Var i ab le  Flow Propu l s ion  System 
Tcchnology, Nacel le /Airframe I n t e g r a t i o n  and t h e  High-speed 
A i r c r a f t  S t r u c t u r e s  Technology. Assuming these e f f o r t s  
arc  underway, t h i s  "Technology V a l i d a t i o n  Program'' would 
cxpand t h e  scope of a l l  t h e  d i s c i p l i n e  t echno log ie s  t o  t h e  
l e v e l s  o u t l i n e d  i n  t h e  1 9 7 8  NASA Report  t o  t h e  Congress 
( I i c f .  9 ) .  Completion of t h i s  e f for t  as scheduled i n  t h i s  
p l an ,  w i t h  i n i t i a t i o n  i n  year  3 ,  would provide "Technology 
Va l ida t ion"  du r ing  y e a r  7. As noted ear l ier ,  t h e  VCEE would 
be t h e  o n l y  e f f o r t  t o  cont inue  beyond yea r  7. 

3 . 3  LARGE CARGO/LOGISTIC AIRCRAFT 

A i r  ca rgo  movement i n  the c i v i l  market  i s  growing a t  a more 
r ap id  r a t e  than i s  passenger  t ravel ,  and may achieve  an 
a p p r e c i a b l y  g r e a t e r  p e n e t r a t i o n  i n  t h e  e n t i r e  f r e i g h t  market.  
M i l i t a r y  a i r l i f t  i s  a major concern i n  world de fense  s t r a t e g y  
and p repa redness ,  and may i n  t h e  f u t u r e  receive a high p r i o r i t y  
for improving l o g i s t i c  suppor t  c a p a b i l i t y .  Accordingly,  c u r r e n t  
views are t h a t  t h e  development of a new i a r g e  cargo  a i r c r a f t  
may occur  l a t e  i n  t h i s  cen tu ry .  Such a n  a i r c r a f t  would b e n e f i t  
from new and advanced technology. 
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Much of t h e  technology f o r  a l a r g e  cargo a i rc raf t  w i l l  f low 
from research programs s t r u c t u r e d  around the needs of passenger  
t r a n s p o r t  a i r c r a f t ,  e.g. , t h e  ACEE program. I n  a d d i t i o n ,  
system s t u d i e s  and e x p l o r a t o r y  r e s e a r c h  and technology t a s k s  
have i d e n t i f i e d  some needs unique t o  large a i r c r a f t  and some 
technology a p p l i c a t i o n s  b e n e f i c i a l  on ly  t o  cargo a i r c r a f t .  
NASA r e c e n t l y  funded an  e x t e n s i v e  a i r  cargo s tudy ,  Cargo/ 
L o g i s t i c  A i r l i f t  System Study (CLASS), which f o c k e d  on t h e  
f u t u r e  demand fo r  a i r  cargo  s e r v i c e  and t h e  c h a r a c t e r i s t i c s  
for an i n t e g r a t e d ,  e f f i c i e n t  a i r  cargo  t r a n s p o r t  system. 
These s t u d i e s  appear t o  suppor t  t h e  v i e w  t h a t ,  i f  an advanced 
cargo a i r c ra f t  design is  c a r e f u l l y  t a i l o r e d  t o  an i n t e g r a t e d  
f r e i g h t  t r a n s p o r t a t i o n  system, t h e  growth i n  a i r  cargo  volume 
may be s u b s t a n t i a l l y  greater than  would be e x t r a p o l a t e d  from 
p a s t  t r e n d s .  
fo r  t h e  p r i v a t e  sector would depend upon i t s  economic v i a b i l i t y  
and t h e  a b i l i t y  of advanced technology t o  c o n t r i b u t e  s i g n i f i c a n t  
b e n e f i t s  i n  system economics and service. 

However, the  development of such a system by and 

3 . 3 . 1  Technology Needs 

Technological  improvements which would lead t o  better subsonic  
t r a n s p o r t s  would, for t h e  m o s t  p a r t ,  also h e l p  t o  s a t i s f y  t h e  
needs of advanced large cargo  a i r c r a f t .  For example, develop- 
ment of composite s t r u c t u r e s  technology for primary a i r c ra f t  
e l e m e n t s  would lead t o  lower ca rgo  a i r c r a f t  weight  and, 
consequent ly ,  bet ter  o p e r a t i n g  economics, There are, i n  a d d i t i o n ,  
unique technology needs for  lage cargo/logistic a i r c r a f t  which 
inc lude :  

o e f f i c i e n t  c o n f i g u r a t i o n s  compat ib le  wi th  s t a n d a r d  
c o n t a i n e r s  and r a p i d  load  handl ing .  

o Very q u i e t  p ropu l s ion  systems (probably  turboprop  1 
for  curfew-free o p e r a t i o n s .  

o Larger a i r c r a f t  s i z e s  than  c u r r e n t l y  o p e r a t i o n a l - -  
perhaps 2 t o  3 t i m e s  t h e  payload c a p a c i t y  of the B747F-- 
which imp l i e s :  

- Flying-wing, span-loaded or multi-body c o n f i g u r a t i o n s ,  

- T h i c k  a i r f o i l s  and wing s t r u c t u r e s  s u i t e d  t o  span- 

- Active c o n t r o l s  for s t a b i l i t y  and load  a l l e v i a t i o n ,  

loading ,  

, 
I - A i r  cushion l and ing  gear .  

o Conf igura t ions  s u i t a b l e  for  both  c i v i l  a i r  cargo  and 
m i l i t a r y  l o g i s t i c s .  
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3 . 3 . 2  Ongoing Research 

Extens ive  system s t u d i e s  have been conducted t o  i d e n t i f y  
l a r g e  c a r g o / l o g i s t i c  a i r c r a f t  system c h a r a c t e r i s t i c s  and t h e i r  
s e n s i t i v i t i e s  t o  d i f f c r e n t  a i r c r a f t  technology l e v e l s .  I n  
a d d i t i o n ,  des ign  concept  s t u d i e s  have explored  o p t i o n a l  conf ig -  
u r a t i o n s ,  s i z e s  and amounts of c i v i l / m i l i t a r y  commonality. A 
span-loaded, f lying-wing c o n f i g u r a t i o n  has been t e s t e d  i n  a 
NASA wind t u n n e l ,  and t h i c k  a i r f o i l  c h a r a c t e r i s t i c s  have been 
measured i n  a Lockheeql-Georgia wind tunne l ,  I n  g e n e r a l ,  
however, m o s t  o f  t h e  c u r r e n t  advanced technology r e s e a r c h  
which could be a p p l i c a b l e  to  l a r g e  c a r g o / l o g i s t i c  a i r c ra f t  i s  
o r i e n t e d  toward passenger  t r a n s p o r t s  and i s  desc r ibed  i n  
S c c t i o n  3.1. 

3 . 3 . 3  Program 

The o b j e c t i v e  of an a c t i v i t y  on Large Cargo/Logist ic  A i r c r a f t  
would be t o  develop a technology base  f o r  t h e  des ign  of very 
l a r g e  o r  s p e c i a l i z e d  cargo a i r c r a f t  systems, i n c l u d i n g  cons idera-  
t i o n  of unique ground systems requirements  , The technology 
base of e x i s t i n g  and ongoing a i r c r a f t  programs would be extended 
i n t o  t e c h n o l o g i c a l  areas unique t o  cargo  system des ign  and 
o p e r a t i o n s .  

Phase  I would  i d e n t i f y  candida te  concepts ,  e s t a b l i s h  t h e  unique 
technology requi rements ,  conduct wind tunnel  and l a b o r a t o r y  . 
r e s e a r c h  on components and subsca le  systems, and d e f i n e  t h e  
l a r g e r - s c a l e  technology e f f o r t  which would fo l low a s  Phase 11. 
Major a c t i v i t y  areas i n  Phase I would i n c l u d e  advanced turboprop  
a p p l i c a t i o n s ,  p ropuls ion/a i r f rame i n t e g r a t i o n ,  performance and 
f l i g h t  operations/optimization, l i g h t w e i g h t  s t r u c t u r a l  concepts ,  
advanced wing d e s i g n ,  boundary l a y e r  c o n t r o l  a p p l i c a t i o n s ,  and 
unconvent ional  a i r c r a f t  c o n f i g u r a t i o n s .  

For  t h e  ground s i d e  of t h e  s y s t e m ,  Phase I would i n c l u d e  con- 
s i d e r a t i o n  of te rmina l / in te rmodal  i n t e r f a c e  systems, a i r f i e l d  
c o m p a t i b i l i t y  (e-g. ,  a p p l i c a t i o n  of  a i r  cushion  l and ing  systems 
a s  they  would impact t h e  design s e l e c t i o n  p r o c e s s ) ,  and c i v i l /  
m i l i t a r y  systems commonality. 

The d e f i n i t i o n  of fol low-on,  l a r g e - s c a l e  technology program 
requi rements  would be a f i n a l  t a s k  under Phase I. Bui ld ing  on 
advanced i n t e g r a t e d  cargo  system f e a s i b i l i t y  and market s t u d i e s ,  
Phase I would i d e n t i f y  a gener ic  class of f r e i g h t e r  a i r c r a f t  
and a p p l i c a b l e  technology,  and commence l i m i t e d  v a l i d a t i o n  of 
t h e s e  t echno log ie s .  Technology v a l i d a t i o n  on a l a r g e r  scale 
and technology r e a d i n e s s  e f f o r t s  would be p r e s c r i b e d  a t  a later 
date.  

The  s chedu le  and funding f o r  t h i s  program i s  shown i n  F igu re  6. 



3 . 4  CRYOGENIC-FUEL TRANSPORTS 

Because t h e  a v a i l a b i l i t y  and p r i c e  of petroleum-derived f u e l s  
w i l l  e v e n t u a l l y  become adve r se ly  a f f e c t e d  by the d e p l e t i o n  of 
t h e  wor ld ' s  crude o i l  supply,  long-lead r e s e a r c h  c o n s i d e r a t i o n s  
fo r  a p o t e n t i a l  t r a n s i t i o n  t o  a l t e r n a t i v e  f u e l s  are r equ i r ed .  
Liquid hydrocarbon f u e l s  de r ived  from coal or o i l  shale can be 
r c f i n c d  t o  near  c u r r e n t  s p e c i f i c a t i o n s ,  vary ing  on ly  as t h e  
process ing  cost i s  t r a d e d  o f f  a g a i n s t  t h e  cost of engine and 
f u e l  system modi f i ca t ions  due t o  less d e s i r a b l e  f u e l  p r o p e r t i e s .  
Although basic economic and technology impacts  are r e l a t i v e l y  
w e l l  understood for t h e s e  a l t e r n a t e  f u e l s ,  a d d i t i o n a l  research 
i s  necessary  and i s  c u r r e n t l y  underway and planned by NASA. 
Cryogenic f u e l s - - l i q u i d  hydrogen (LH2) and l i q u i d  methane 
(LCI14) --are a d d i t i o n a l  p o t e n t i a l  o p t i o n s  wi th  several a t t r a c t i v e  
a s p e c t s .  The p r a c t i c a l i t y  of t h e s e  o p t i o n s  i s  less w e l l  estab- 
l i s h e d  a t  t h i s  t i m e ,  and several c r i t i c a l  technology needs have 
been i d e n t i f i e d .  

3 . 4 . 1  Technology Needs 

New i n s u l a t i o n  materials and fuel tank s t r u c t u r e s  would be needed 
t o  permit  t h e  f u e l  tank t o  act  as a s t r u c t u r a l  m e m b e r  of t h e  
a i r f rame.  Improved materials and d e s i g n s  would also be requ i r ed  
f o r  t h e  on-board f u e l  d i s t r i b u t i o n  and storage systems. Sa fe ty  
p r a c t i c e s  would need t o  be revised to  r e f l e c t  t h e  unique new 
characterist ics of c ryogen ic  f u e l s .  A i r c r a f t  may have double  
decks f o r  t h e  passengers  , r e q u i r i n g  new a i r p o r t  t e r m i n a l  des ign  
c o n s i d e r a t i o n s .  The characteristics of c ryogenic  f u e l s  m y  be 
used t o  advantage i n  t h e  p ropu l s ion  system des ign  t o  cool t h e  
engine and, i n  supe r son ic  t r a n s p o r t s ,  i n  t h e  wing d e s i g n  t o  
cool t h e  s u r f a c e s  which are s u b j e c t  t o  high a tmospher ic  hea t ing .  

Liquid methane h a s  received less i n t e n s i v e  s tudy  than  l i q u i d  
hydrogen t o  d a t e ,  bu t  appea r s  t o  be p o t e n t i a l l y  promising. 
Methane i s  r e a d i l y  de r ived  f r o m  coal, c o n t a i n s  s l i g h t l y  more 
e n e r g y  per pound than  Je t  A f u e l  b u t  less energy p e r  cubic 
foo t ,  and has  a t o t a l  f u e l  c y c l e  more the rma l ly  e f f i c i e n t  than 
one  based o n  l i q u i d  hydrogen. The major advantages  are lower 
c o s t  and l o w e r  l i q u e f a c t i o n  energy requi rements  r e l a t ive  t o  
l i q u i d  hydrogen. 

The v a r i o u s  factors  mentioned above r e q u i r e  comprehensive 
research programs t o  e x p l o r e  each op t ion .  Technologica l  cons idera-  
t i o n s  which a f f e c t  t h e  p lanning  and e v a l u a t i o n  of these r e s e a r c h  
a c t i v i t i e s  inc lude  : 

- p h y s i c a l  c h a r a c t e r i s t i c s  of c ryogen ic  f u e l s .  

- c o s t s  of producing cryogenic  f u e l s  and of deve lop ing  
t h e  equipment and systems t o  produce and d i s t r i b u t e  
t h e m .  
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- advantages and d i sadvan tages  of  each f u e l  c a n d i d a t e  i n  
t e r m s  of a i r c r a f t  performance, a c q u i s i t i o n  and mainte- 
nance C o s t s ,  environmental  a c c e p t a b i l i t y ,  etc. 

- s u i t a b i l i t y  of cryogenic  f u e l s  f r o m  a u s e r ' s  p o i n t  of 
view, e.g.8 what mod i f i ca t ions  or major changes are 
requ i r ed  i n  o p e r a t i o n s ,  equipment, proqedures ,  etc. 

- problems a s s o c i a t e d  w i t h  ground handl ing  and s t o r a g e  i n  
t e r m s  of space ,  cos t ,  s a f e t y ,  etc. 

Concept s t u d i e s  of cryogenic-fuel  a i r c r a f t  systems have i d e n t i -  
f ied t h e  need f o r  d e t a i l e d  v a l i d a t i o n  of t h e  t e c h n o l o g i e s  
r equ i r ed  for t a n k s  and i n s u l a t i o n ,  d e l i v e r y  l i n e s  and va lves ,  
pumps and pump b e a r i n g s ,  and flow moni tor ing  in s t rumen ta t ion .  
Another a rea  which d e s e r v e s  s tudy i s  t h e  conceptua l  des ign  of 
a i r c r a f t  and p ropu l s ion  systems based upon t h e  i n h e r e n t  q u a l i t i e s  
of cryogenic  f u e l s  for  such purposes as c o o l i n g  t h e  engine or 
improving aerodynamic laminar  flow, t h u s  d e c r e a s i n g  drag. 
S a f e t y  a lso r e q u i r e s  s u b s t a n t i a l  r e s e a r c h .  The a b s o l u t e  and 
incrementa l  p o t e n t i a l  hazards  from major f u e l  s p i l l s  and a i r -  
c r a f t  a c c i d e n t s  are s t i l l  l a r g e l y  undefined. The sys t ema t i c  
d i s t r i b u t i o n ,  handl ing ,  and s to rage  of c ryogenic  f u e l s  a t  
a i r p o r t s  w i l l  a lso need t o  be addressed i n  more d e t a i l .  

3 . 4 . 2  Ongoing Research 

NASA's predecessor ,  t h e  NACA, conducted l i q u i d  hydrogen a i r c r a f t  
engine r e s e a r c h  over  20  y e a r s  ago, i n c l u d i n g  f l i g h t  tests. 
NASA s t u d i e s  of  l i q u i d  hydrogen-fueled subsonic  t r a n s p o r t s ,  
and less d e t a i l e d  s t u d i e s  f o r  supersonic  t r a n s p o r t s ,  have 
i d e n t i f i e d  t h e  major p o t e n t i a l  advantages and t e c h n o l o g i c a l  
problems, and a s c e r t a i n e d  t h e  conceptual  f e a s i b i l i t y  and 
comparative cost  e f f e c t i v e n e s s  of such t r a n s p o r t s  r e l a t i v e  
t o  convent iona l  des igns .  

S t u d i e s  and e x p l o r a t o r y  research have also been carried o u t  i n  
t h e  a r e a s  of on-board f u e l  s to rage  and t r a n s f e r  components 
( i n s u l a t i o n ,  pumps, and m a t e r i a l s  c o m p a t i b i l i t y )  , b o i l o f f  
recovery ,  hydrogen l i q u e f a c t i o n  ( e f f i c i e n c y  improvement),  
and hydrogen p roduc t ion  from coal  (cost  and e f f i c i e n c y  estimates 
f o r  advanced technology processes)  . Liquid hydrogen s p i l l  
hazard experiments  are being planned, and complementary a n a l y s i s  
methods are being developed. Data and p r a c t i c a l  expe r i ence  
f r o m  t h e  space program have been i n c o r p o r a t e d  i n t o  t h e  cryogenic-  
fuel t r a n s p o r t  s t u d i e s  and r e sea rch  ac t iv i t i e s .  

3 . 4 . 3  Program 

Two a c t i v i t i e s  have been i d e n t i f i e d  a s  the elements  of a n  
expanded program on cryogenic- fue l  t r a n s p o r t s  : (1) Cryogenic- 
f u e l  A i r c r a f t  Technology, and ( 2 )  Terminal System Technology 
for  Cryogenic-fuel A i r c r a f t  w i t h  t h e  schedule  and funding shown 
i n  F igu re  7. 
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The objective of t h e  Cryogenic-fuel A i r c r a f t  Technology e f f o r t  
would  be t o  i d e n t i f y  cand ida te  concepts ,  provide a l i m i t e d  
technology d a t a  base, and s h o w  proof-of-concept f o r  a represen-  
t a t i v e  f l i g h t  s y s t e m .  The program would be phased, with Phase I 
c s t a b l  i shing t h e  technology foundat ion  f o r  f l i g h t  demonst ra t ions  
and o p e r a t i o n a l  exper ience  which could be inc luded  i n  Phase 11. 
I n  Phase I unique technology requi rements  would be i d e n t i f i e d  
and i n v e s t i g a t e d  i n  t h e  areas of s t r u c t u r e s ,  p ropu l s ion ,  
i n s t r u m e n t a t i o n ,  f l i g h t  o p e r a t i o n s  and s a f e t y ,  and i n  f u e l  
p rov i s ion ing  and handl ing.  A l i m i t e d  amount of f l i g h t  e v a l u a t i o n  
m i g h t  be d e s i r a b l e ,  Requirements f o r  a Phase I1 technology 
development e f f o r t  would be de f ined .  

The  o b j e c t i v e  of t h e  program for  Terminal System Technology for  
Cryogenic-fuel A i r c r a f t  would be t o  r e f i n e  c a n d i d a t e  concepts ,  
p rovide  a l imi t ed  technology base, and s h o w  proof -of-concept f o r  
a r e p r e s e n t a t i v e  ground t e r m i n a l  system f o r  s e r v i c i n g  cryogenic-  
f u e l  c i v i l  t r a n s p o r t s .  Very l i m i t e d  i n v e s t i g a t i o n s  have been 
made t o  d a t e  of the technology needs of a i r p o r t  ground systems 
for s e r v i c i n g  t r a n s p o r t - c l a s s  c ryogenic- fue l  a i r c r a f t .  S e r v i c i n g  
i n  t h i s  con tex t  means a c c e p t i n g  and s t o r i n g  t h e  f u e l  a t  t h e  
a i r p o r t ,  d i spens ing  f u e l  t o  a i r c r a f t ,  d e f u e l i n g  a i r c r a f t ,  
r ecove r ing  b o i l o f f ,  t r a n s f e r r i n g  f u e l  between t a n k e r s  and 
between ground storate vessels, and conduct ing housekeeping 
o p e r a t i o n s  i n  response t o  l e a k s ,  s p i l l s ,  etc. 

Taking i n t o  c o n s i d e r a t i o n  the  l i q u i d  hydrogen storage and handl ing  
expe r i ence  from t h e  space  program, c o n f i g u r a t i o n  concepts  would 
bc developed f o r  an  a i r p o r t  ground system f o r  c ryogenic  
f u e l s .  A f u e l  system s i m u l a t o r  and mock-up would be f a b r i c a t e d  
t o  i n v e s t i g a t e  interfaces  and c o m p a t i b i l i t y  of  ground and f l i g h t  
systems s u i t a b l e  f o r  passenger  t r a n s p o r t  and cargo a i r c r a f t .  
C r i t e r i a  would be de f ined  for f u t u r e  follow-on exper imenta l  
programs. 

3.5 ROTORCRAFT 

A s  a r e s u l t  of r e s e a r c h  and technology e f f o r t s  i n  r e c e n t  yea r s ,  
modern r o t o r c r a f t  i n c o r p o r a t e  impress ive  improvements i n  performance, 
r e l i a b i l i t y ,  q u i e t n e s s ,  and v i b r a t i o n  r e d u c t i o n  over previous  
des igns .  F o r  t h e  f i r s t  t i m e ,  h e l i c o p t e r s  have been s p e c i f i c a l l y  
designed f o r  c i v i l  markets  and for c i v i l  environments.  I n  g e n e r a l ,  
however, t h e  r o t o r c r a f t  f i e l d  has  lagged t h a t  of conven t iona l  
fixed-wing a i r c r a f t  by 20 t o  30 yea r s .  One consequence of t h i s  
i s  t h e  p o s s i b i l i t y  of s o m e  ve ry  e x c i t i n g  and b e n e f i c i a l  tech- 
nology advances which could  be expected i n  t he  nex t  t w o  decades.  
The r o t o r c r a f t  i n c o r p o r a t i n g  these advances could be j e t  smooth, I' 
q u i e t ,  capable  of a l l - w e a t h e r  o p e r a t i o n ,  and as safe as any a i r -  
c ra f t  b u i l t  f o r  t h e  c i v i l  t r a n s p o r t a t i o n  system. 

S a f e t y  could be enhanced through the u t i l i z a t i o n  of  h igh ly  
r e l i a b l e  s t r u c t u r e s ,  rotor  systems, p ropu l s ion  systems,  and 
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self -checking av ion ic s .  These advances could be coupled w i t h  
t h e  ro to rc ra f t ' s  unique c a p a b i l i t y  f o r  ve r t i ca l  l and ing  i n  
very smal l  a r e a s .  V ib ra t ion  reduct ion  could be ob ta ined  through 
the U R C  of improved r o t o r  systems designed by advanced a n a l y t i c a l  
t ( c h n i q u c s  and i n c o r p o r a t i n g  advanced m a t e r i a l s  such as com- 
posites. Improved v i b r a t i o n  i so la tors  and abso rbe r s ,  b e a r i n g l e s s  
rotor s y s t e m s ,  ac t ive  c o n t r o l  technology and h ighe r  harmonic 
con t ro l  systems could a lso be used t o  reduce v i b r a t i o n  and g u s t  
s e n s i t i v i t y  t o  a l e v e l  approaching t h a t  of  t h e  "smoothest f l y i n g "  
f ixcd-wing a i r c r a f  t. 

Improvements i n  t h e  aerodynamics of rotor b l ades ,  t i p  shapes  
and a e r o e l a s t i c a l l y  conformable rotor des igns ,  t e r m i n a l  area a i r -  
space u t i l i z a t i o n  procedures ,  av ion ic s  and c o n t r o l s ,  and engine/ 
t r ansmiss ion  d e s i g n s  could r e s u l t  i n  q u i e t ,  h igh ly  r e l i a b l e ,  
a l l -weather  r o t o r c r a f t  wi th  i n t e r n a l  and e x t e r n a l  no i se  l e v e l s  
very a c c e p t a b l e  t o  both passengers  and community. Although 
d i rec t  o p e r a t i n g  costs could be reduced s i g n i f i c a n t l y  from 
t o d a y ' s  l e v e l s ,  t h e y  would remain above t h o s e  of o t h e r  modes of 
t r a n s p o r t a t i o n .  H o w e v e r ,  t h e  t o t a l  economics of r o t o r c r a f t  
t r a n s p o r t a t i o n ,  i n c l u d i n g  ground access time and i n d i r e c t  
costs such as  ground i n f r a - s t r u c t u r e  and land  costs, could be 
compe t i t i ve ly  advantageous over o t h e r  modes for s t a g e  l e n g t h s  
up t o  5 0 0  nom. Such t o t a l  system economic advantages are 
j u s t  s t a r t i n g  t o  be recognized  and could prove e s p e c i a l l y  
benef ic ia l  i n  r e g i o n a l  and urban shor t -hau l  miss ions  . 
3.5.1 Technology Needs 

The s i g n s  of t h e  key t e c h n i c a l  i n g r e d i e n t s  t h a t  could make t h e  
f u t u r e  o p p o r t u n i t i e s  p o s s i b l e  can be  seen i n  t o d a y ' s  research 
and development r e s u l t s .  They would c e r t a i n l y  be welcomed by 
the growing number of c i v i l  and m i l i t a r y  u s e r s  of r o t o r c r a f t .  
Y e t ,  t h e  t r a n s l a t i o n  of f u t u r e  o p p o r t u n i t i e s  i n t o  r e a l i t y  w i l l  
r e q u i r e  many coord ina ted  inputs--not  t h e  l eas t  of which i s  
p u t t i n g  v e r i f i e d  advanced technology i n  p l a c e  so t h e  ro torcraf t  
manufacturers  can des ign  new v e h i c l e s  wi th  l o w  t e c h n i c a l  
r i s k .  

Some prime examples of the impor tan t  r e l a t i o n s h i p s  between u s e r s ,  
d e s i g n e r s  and technology needs are as follows: 

Noise 

o T h e  u s e r  wants r o t o r c r a f t  w i t h  l o w  i n t e r n a l  and e x t e r n a l  
n o i s e  t o  a s s u r e  passenger  and community acceptance.  

o The des igne r  must have c r i t e r i a  and n o i s e  p r e d i c t i o n  
methods f o r  e x t e r n a l  broad-band and impulsive n o i s e  
genera ted  by t h e  rotors  and p ropu l s ion  system and f o r  
i n t e r n a l  n o i s e  generated by t r a n s m i s s i o n s ,  and engines  .. 
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o The s t a t e - o f - t h e - a r t  is t o t a l l y  inadequate  f o r  p r e d i c t i n g  
n o i s e  fo r  completely new des igns .  The c u r r e n t  C a p a b i l i t y  
is based on d a t a  t r e n d i n g  and evo lu t iona ry  des ign  
changes. 

Performance 

o The user  is seeking  inc reased  p r o d u c t i v i t y  from new 
r o t o r c r a f t .  With i n c r e a s e d  e f f i c i e n c y ,  s i z e ,  and speed, 
t h e  user  e x p e c t s  a more p r o f i t a b l e  o p e r a t i n g  c a p a b i l i t y .  

o The des igner  must i n t e g r a t e  a t o t a l  system of p r o p u l s i v e ,  
s t r u c t u r a l ,  aerodynamic and c o n t o l  components t o  
achieve h ighe r  performance. This  r e q u i r e s  a d a t a  base 
and v e r i f i e d  a n a l y t i c a l  methodology i n  advanced l i g h t -  
weight  s t r u c t u r e s ,  d u r a b l e  and e f f i c i e n t  p ropu l s ion  
components, and rotor des ign  tools addres s ing  a i r f o i l ,  
t i p  shape ,  r o t o r / a i r f r a m e  f low f i e l d ,  and aeroelastic 
ana lyses .  

o The s t a t e - o f - t h e - a r t  is inadequate .  Explora tory  
r e s u l t s  s h o w  great promise,  e s p e c i a l l y  i n  rotor per- 
formance improvements, drag r e d u c t i o n ,  d u r a b l e  composite 
s t r u c t u r e s ,  and t r a n s m i s s i o n  systems. However, a sound 
data base and v e r i f i e d  des ign  methodologies are no t  
a v a i l a b l e  to  allow t h e  development of l o w  r i s k  new 
de s i g n s  . 

V i  bra t i o n  

The user  wants a " j e t  smooth" a i r c ra f t  n o t  on ly  t o  
m e e t  t h e  needs of passenger  comfort  b u t  t o  avoid 
t h e  mechanical and a v i o n i c  system f a i l u r e s  a t t r i b u t a b l e  
t o  excess ive  v i b r a t i o n  l e v e l s .  

The  des igner  must have the  c a p a b i l i t y  t o  p r e d i c t  and 
mod i fy  a n a l y t i c a l l y  the  dynamic response  of  t h e  airframe 
and t h e  o s c i l l a t o r y  f o r c e s  imposed upon t h e  v e h i c l e .  

The s t a t e - o f - t h e - a r t  i s  a lso inadequate .  Only r e c e n t l y  
have p r e d i c t i o n  methods begun t o  show promise. A l l  too 
often, a d e s i g n  must be i terated by c u t  and t r y  hard- 
ware changes t h a t  are t i m e  consuming, c o s t l y ,  and invo lve  
s u b s t a n t i a l  t e c h n i c a l  r i s k .  

O t h e r  a r e a s  of high payoff such as f ly -by-wi re  c o n t r o l ,  advanced 
d i s p l a y s ,  i n t e g r a t e d  p ropu l s ion /a i r f r ame  c o n t r o l ,  advanced 
composite m a t e r i a l s  and new rotor  concep t s  also have no t  reached 
a p o i n t  of r e a d i n e s s  for f u l l  a p p l i c a t i o n  t o  advanced rotor- 
c r a f t  . 
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3.5.2 Ongoing Research 

The N a t i o n ' s  r e s e a r c h  and development i n  r o t o r c r a f t  i s  conducted 
by v a r i o u s  segments of  t h e  h e l i c o p t e r  i n d u s t r y ,  u n i v e r s i t i e s ,  
t h e  Department of Defense, and NASA. The Federal Av ia t ion  
Adminis t ra t ion  i s  a l s o  moving ahead wi th  i n c r e a s e d  emphasis on 
R&D addres s ing  t h e i r  role i n  r o t o r c r a f t  a i r w o r t h i n e s s  and 
o p e r a t i n g  procedures  c e r t i f i c a t i o n .  While t h e  emphasis i n  t h e  
FAA, and i n c r e a s i n g l y  i n  t h e  DOD, is  p laced  on more "near  t e r m "  
research and development keyed t o  user  requi rements ,  NASA 
emphasizes more b road ly  based research of a m o r e  " long t e r m "  
n a t u r e .  An impor tan t  a d j u n c t  to t h e  NASA program i s  t h e  j o i n t  
r e s e a r c h  arrangement w i t h  t h e  U . S .  Army. Through laboratories 
collocated a t  NASA's  Ames, Langley and L e w i s  Research Cen te r s ,  
t h e  Army's Avia t ion  Research and Development Command conducts  
r e s e a r c h  i n  aeromechanics,  s t r u c t u r e s  and p ropu l s ion .  A s i g n i -  
f i c a n t  p o r t i o n  of  t h e  Army re sea rch  s t a f f  work d i r e c t l y  wi th  
NASA groups  on  r e s e a r c h  of common i n t e r e s t .  

The major p o r t i o n  of t h e  ongoing NASA r e s e a r c h  is d i r e c t e d  
toward rotorcraf t  aerodynamics, dynamics and a e r o e l a s t i c i t y .  
Tests of s m a l l -  and l a rge - sca l e  rotors and v e h i c l e  conf igura-  
t i o n s  i n  wind t u n n e l s  and a s s o c i a t e d  f l i g h t  tests of f u l l -  
scale systems are conducted t o  exp lo re ,  document, and under- 
s t and  t h e  complex f l o w  f i e l d s  and r e s u l t i n g  dynamic loads and 
performance. Another segment of t h i s  research deals w i t h  
rotorcraft  f l i g h t  dynamics, concerned w i t h  t h e  s t a b i l i t y ,  
c o n t r o l  and f l y i n g  q u a l i t i e s  c h a r a c t e r i s t i c s .  I n  a l l  these 
areas, ground and f l i g h t  t e s t i n g  ape augmented by a n a l y t i c a l  
s t u d i e s .  

A modest l e v e l  of e f f o r t  i s  also d i r e c t e d  a t  s t u d i e s  t o  d e f i n e  
technology needs,  advanced vehicle concepts ,  miss ion  c r i te r ia ,  
and m a r k e t  assessments  i n  order  t o  assist i n  p lanning  f u t u r e  
r o t o r c r a f t  technology d i r e c t i o n s  and p r i o r i t i e s .  

Two program e lements ,  Advanced R o t o r  Systems and Advanced 
Transmission Sys tems ,  r e p r e s e n t  commitments t o  s p e c i f i c  r e s e a r c h  
m i l e s t o n e s .  The R o t o r  Systems research i n v o l v e s  t h e  necessary  
ground and f l i g h t  t e s t i n g  t o  b r ing  promising concepts  t o  a 
s t a t e  of r e a d i n e s s  for  a p p l i c a t i o n  i n  advanced r o t o r c r a f t  
des igns .  The Transmission Systems r e s e a r c h  emphasizes t h e  i n t e -  
g r a t i o n  of a v a i l a b l e  new technology i n  b e a r i n g s ,  gears, seals, 
and  l u b r i c a n t s  t o  t h e  s p e c i a l  needs of r o t o r c r a f t  f o r  l i g h t -  
weight ,  q u i e t  and re l iable  t r ansmiss ion  systems. 

I n  1 9 7 2 ,  NASA and t h e  Army agreed t o  j o i n t l y  fund and manage 
t h e  Rotor Systems Research A i r c r a f t  (RSRA) and the T i l t  R o t o r  
Research Ai rc ra f t  (TRRA or XV-15), each program invo lv ing  t w o  
a i r c r a f t .  The RSRA w i l l  be  used f o r  rotor systems r e s e a r c h  and 
f o r  g e n e r a l  f l i g h t  research t o  deve lop  and v e r i f y  advanced 
a n a l y t i c a l  methods r e l a t e d  t o  pure  and compound h e l i c o p t e r  
c o n f i g u r a t i o n s .  The TRRA w i l l  be used f o r  proof-of-concept 
f l i g h t  t e s t i n g  and then  for  c i v i l  and m i l i t a r y  mission s u i t a b i l i t y  
i n v e s t i g a t i o n s .  
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1 3 . 5.3 Program 

I Aerodynamics and S t r u c t u r e s  

I n  t h i s  element, phased programs would improve and develop 
des ign  methodology i n  key areas of aerodynamics, s t r u c t u r a l  
dynamics, acoustics and advanced materials a p p l i c a t i o n s  , 

While t h e  ongoing research i s  addres s ing  some of t h e  p r i o r i t y  
i s s u e s  i n  r o t o r c r a f t  technology,  it does no t  r e p r e s e n t  an 
adequate  response t o  t h e  technology needs. I n  e a r l y  1978,  a 
s p e c i a l  Ro to rc ra f t  Task  Force, c o n s i s t i n g  of  r e p r e s e n t a t i v e s  
from NASA, DOD, and FAA, was created t o  determine t h e  t ech -  
no log ica l  needs and o p p o r t u n i t i e s  r e l a t e d  t o  f u t u r e  c i v i l  and 
m i l i t a r y  r o t o r c r a f t ,  and t o  prepare  a program p lan  f o r  respon- 
s i v e  NASA research .  T h e  Task Force s o l i c i t e d  i n p u t s  from 
airframe and engine manufac turers ,  o p e r a t o r s ,  and o t h e r  
Government agencies .  I t s  d e l i b e r a t i o n s  r e s u l t e d  i n  t h e  
dcf i n i  t i o n  of four  major advanced r o t o r c r a f t  technology 
e l e m e n t s :  aerodynamics and s t r u c t u r e s ,  f l i g h t  c o n t r o l  and 
a v i o n i c  sys t ems ,  p ropu l s ion ,  and v e h i c l e  c o n f i g u r a t i o n s .  I n  
g e n e r a l ,  t h e  proposed program would p l a c e  primary emphasis on 
d e s i g n  methodology where t h e  development and v e r i f i c a t i o n  of 
a n a l y t i c a l  m e t h o d s  are  b u i l t  upon a sound d a t a  base.  

T h e  schedule  and funding f o r  the accomplishment of a d d i t i o n a l  
rotorcraf t  r e sea rch  a c t i v i t i e s ,  modified and rephased f o r  
d i f f e r e n t  bui ldup rates from t h a t  i n  t h e  Task Force p lan  
( R e f .  14), are shown i n  F igu re  8. 

A e r o / A c o u s t i c s :  The f i r s t  program phase,  y e a r s  1 through 
4 ,  would provide for s y s t e m a t i c  s m a l l -  and l a r g e - s c a l e  tests 
of a rotor family and a complete h e l i c o p t e r  c o n f i g u r a t i o n  
w i t h  heavy e m p h a s i s  on d e t a i l e d  f l o w ,  a c o u s t i c  and aerodynamic 
parameter measurements and t h e  development of  improved a n a l y t i c a l  
p r e d i c t i o n  methods. The nex t  phase,  yea r s  3 through 6, would 
involve  t h e  use of d e s i g n  methodology t o  d e s i g n  and p r e d i c t  
t h e  performance and n o i s e  character is t ics  of s p e c i f i c  second- 
gene ra t ion  r o t o r s .  T h i s  would then  be fol lowed,  i n  y e a r s  6 
through 11, by t e s t i n g  t o  check o u t  the p r e d i c t i o n s  and t o  
update  t h e  methods, as might be r equ i r ed .  

would concen t r a t e  on airframe l o a d s  and s t r u c t u r a l  modeling 
methodology. An industry/Government t e a m  approach would be 
u t i l i z e d  t o  assist  i n  g e n e r a t i n g  more widely a c c e p t a b l e  and 
usab le  p r e d i c t i o n  and modeling methods. Program e lements  
r e l a t e d  t o  the v i b r a t i o n  p r e d i c t i o n  methodology would i n c l u d e  
in - se rv ice  f l i g h t  load  measurements du r ing  c i v i l  h e l i c o p t e r  
o p e r a t i o n s ,  t h e  use of a c t i v e  c o n t r o l s  t o  suppres s  v i b r a t i o n ,  
and i n t e r n a l  no i se  r e d u c t i o n .  Later  phases  of t h e  program, 
Years 3 through 7 and 6 through 11, would address the use  of 
advanced materials and advanced s t r u c t u r a l  and aeroelastic 
concepts  i n  hub/blade des ign  methodology, 

Vibra t ion  Reduction: The f i rs t  phase,  y e a r s  1 through 4,  



... 

Composite A i r f r a m e :  The  first phase of this program 
e l e m e n t  would s t a r t  i n  year  2 and would inc lude  compos.ite 
f u s e l a g e  des ign  s t u d i e s  and associated experimental  assessments  
of c r i t i c a l  des ign  f e a t u r e s ,  p a r t i c u l a r l y  r e l a t e d  t o  h igh  curva- 
t u r e  and h igh ly  loaded elements .  The second phase,  s t a r t i n g  
i n  year  6 ,  would c o n s i s t  of build-up and thorough ground- 
based t e s t i n g  of a major fuse lage  component such as a c e n t e r  
s e c t i o n  or  upper f u s e l a g e  assembly. This  program element  
would be coord ina ted  wi th  t h e  Army * s near  t e r m ,  f i r s t - g e n e r a t i o n  
composite a i r f r a m e  technology program. 

F l i g h t  C o n t r o l  and Avionic Systems 

l'hcre are i n c r e a s i n g  demands and o p p o r t u n i t i e s  f o r  r o t o r c r a f t  
f 1. i y h t  c o n t r o l  and a v i o n i c  systems t o  provide improved performance, 
e f f i c i e n c y ,  r e l i a b i l i t y ,  and handl ing q u a l i t i e s ;  p i l o t  workload 
improvements ; v i b r a t i o n  reduct ion;  and no i se  r e d u c t i o n .  To 
h e l p  r e a l i z e  t h i s  p o t e n t i a l ,  t he  program would have t w o  research 
c l c m e n t s  which focus  on f u l l y  i n t e g r a t e d  systems des igns  t h a t  
p rope r ly  i n t e r r e l a t e  rotor,  p ropu l s ion ,  a i r f r a m e / s t r u c t u r e ,  and 
f l i g h t  c o n t r o l  a v i o n i c  systems. 

A l l - W e a t h e r  Rotorcraft: I n  y e a r s  1 through 3 ,  systems 
concepts  would be d e f i n e d ,  c o n s t r u c t e d  and eva lua ted  through 
s imula t ions .  Explora tory  f l i g h t  research under h i g h l y  i n s t r u -  
mented cond i tons  and o p e r a t i o n a l  f l i g h t  assessments  would be 
conducted i n  a second phase,  s t a r t i n g  i n  yea r  2. This  would 
be followed by f l i g h t  t e s t i n g  of f u l l y  i n t e g r a t e d  systems i n  
y e a r s  5 through 9. There are t w o  main all-weather ro to rc ra f t  
s y s t e m s  technology t h r u s t s  . These are remote s i t e  "on-board" 
systems technology and high d e n s i t y  3 D / 4 D  guidance,  i n c l u d i n g  
a i r  t r a f f i c  c o n t r o l  i n t e r f a c i n g  and i n t e g r a t e d  Category I11 
s y  s t e m s  technology . 

Act ive  Cont ro l  Technology: Two main t a s k  areas would 
bc addressed ,  f u l l - a u t h o r i t y  v e h i c l e  systems and miss ion  
c a p a b i l i t y  improvement. During program y e a r s  3 through 6 ,  
f u l l  a u t h o r i t y  systems technology would emphasize t h e  des ign ,  
e v a l u a t i o n  and v a l i d a t i o n  of f l i g h t  c r i t i c a l ,  f u l l  a u t h o r i t y  
concepts  t y p i c a l l y  associated with fly-by-wire,  f l y - b y - l i g h t  
and c o n t r o l  conf igu red  v e h i c l e  technology.  I n  a second phase, 
y e a r s  7 through 1 0 ,  miss ion  c a p a b i l i t y  improvements would be 
addressed .  Primary emphasis would be p laced  on t h e  des ign  
and v a l i d a t i o n  of "local area" h igh  p r e c i s i o n ,  l o w  a l t i t u d e ,  
f a s t  r e sponse  guidance and nav iga t ion  system technology. 

P ropu l s ion  

Three program elements  have been d e f i n e d  which are r e spons ive  
t o  t h e  needs of ro torcraf t  manufacturers  and u s e r s ,  both c i v i l  
and m i l i t a r y .  The major emphasis would be on improved d u r a b i l i t y  
and maintenance c h a r a c t e r  i s t i c s  o f  r o t o r c r a f t  p ropul  s i o n  
systems, i n c l u d i n g  s m a l l  engines . 
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Engine Component Design Methodology: T h i s  program element 
would involve  t h r e e  phases  s t a r t i n g  i n  yea r  1. During t h e  
i n i t i a l  phase,  a n a l y t i c a l  des ign  techniques  would be established 
us ing  b o t h  computational and exper imenta l  methods. I n  t h e  
second phase,  s t a r t i n g  i n  year  4 ,  pa rame t r i c  experiments  would 
be conducted t o  deve lop  a s t r o n g  e m p i r i c a l  d a t a  base f o r  s i n g l e  
stagc a x i a l  and c e n t r i f u g a l  compressor s t a g e s .  E f f e c t s  of 
u n s t c w d y  Elow and turbulcncc- on vane and b lade  h e a t  t r a n s f e r  
would a l so  Lc. i n v c s t i g a t c d .  A s tudy  would be conducted t o  
C S  t.,ib1 ish thc c r i t i c a l .  dc?sic,ln c r i t e r i a  f o r  smal l  t u r b i n e  engine 
conibustors. I n  a d d i t i o n ,  f u l l - a u t h o r i t y  d i g i t a l  e l e c t r o n i c  
control components would be eva lua ted  i n  terms of high r e l i a b i l i t y  
and l o w  cost. I n  t h e  area of d i a g n o s t i c s ,  maintenance r eco rds  
of ro torcraf t  users and engine manufacturers  would be examined 
t o  i d e n t i f y  t he  m o s t  p r e v a l e n t  causes  o f  f a i l u r e  or r easons  f o r  
removal of r o t o r c r a f t  p ropu l s ion  system components . I n  t h e  
l a s t  phase, years  7 through 1 0 ,  p re l imina ry  bench t e s t i n g  t o  
v e r i f y  t h e  new des ign  methods would be conducted. 

Power Transfer  Technology: I n  t h e  f i r s t  phase, s t a r t i n g  
i n  yea r  2 ,  emphasis would be on o b t a i n i n g  a fundamental  under- 
s t and ing  of noise  and v i b r a t i o n ,  and t h e  development of a n a l y t i -  
ca l  p r e d i c t i o n  t echn iques  and des ign  concepts  for  n o i s e  and 
v i b r a t i o n  reduct ion .  D iagnos t i c s  would be addressed  i n  a 
manner similar to  t h e  engine d i a g n o s t i c  e f f o r t  mentioned 
p rcv ious ly  . Manufacturer and use r  r eco rds  would be evaluated, 
and s e l e c t e d  components would be " t r acked"  du r ing  i n - s e r v i c e  
o p e r a t i o n .  Sensors and d i s p l a y s  would a l so  be developed and 
eva lua ted  i n  s y s t e m  c o n d i t i o n  monitor ing s t u d i e s .  I n  a second 
phase ,  s t a r t i n g  i n  yea r  6, major t a s k  emphasis would be on 
i d c n t i f y i n g ,  developing, and proof-of-concept demonst ra t ing  
advanced power t r a n s f e r  components and systems. 

S y s t e m s  I n t e g r a t i o n :  Systems c o n d i t i o n  moni tor ing  would 
be addressed through t h e  a p p l i c a t i o n  of advanced technology 
senso r s  for d e t e c t i n g  such i n t e r n a l  factors  as gas, metal, and 
l u b r i c a t i n g  o i l  t empera tu res  i n  c r i t i c a l  l o c a t i o n s  throughout  
i n - s e r v i c e  propuls ion  systems. T h i s  d a t a ,  f r o m  a v a r i e t y  of 
v e h i c l e  and mission types ,  would be used t o  develop  a n a l y t i c a l  
models for  p r e d i c t i n g  t h e  l i f e  h i s t o r y  of c r i t i c a l  components. 
Various methods of augmenting engine power would be a n a l y t i c a l l y  
eva lua ted .  Innovat ive  t echn iques  would be sought  and expe r i -  
menta l ly  explored t o  d e f i n e  t e c h n o l o g i c a l  c a p a b i l i t i e s .  A 
complete e n g i n e / e l e c t r o n i c  c o n t r o l / t r a n s m i s s i o n  system would be 
assembled and expe r imen ta l ly  eva lua ted  i n  a ground tes t  f a c i l i t y  
s t a r t i n g  i n  program yea r  4 .  Improved engine i n l e t  and s e p a r a t o r  
aerodynamics and ice p r o t e c t i o n  would also be eva lua ted  i n  
scale-model t e s t s .  

V e h i c l e  Conf igura t ions  

A research plan has been de f ined  which would be aimed a t  
e s t a b l i s h i n g  a technology base i n  high-speed and l a r g e  
ro torcraf t  concepts.  The o v e r a l l  approach would be  t o  s t a r t  
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wi th  eva lua t ions ,  us ing  e x i s t i n g  vehicles and t h e  conduct  of 
ground-based testing and s t u d i e s  of advanced systems and 
concepts..  

High-speed Concepts : S t a r t i n g  i n  program yea r  1, ongoing 
proof-of-concept  f l i g h t  tests of t h e  XV-15 T i l t  R o t o r  Research 
A i r c r a f t  would be  extended to acqu i re  a thorough documentation 
of tilt ro tor  aerodynamics,  f l y i n g  q u a l i t i e s ,  s t a b i l i t y  and 
control  and  s t r u c t u r a l  l oads  c h a r a c t e r i s t i c s .  A similar 
program would be  c a r r i e d  o u t  on the Advancing Blade Concept 
(ABC) v e h i c l e  as  a fol low-on t o  t he  c u r r e n t  Army/Navy/NASA 
program, Add i t iona l  pre l iminary  des ign  s t u d i e s ,  scale-model 
tests, and s i m u l a t i o n  s t u d i e s  of o t h e r  promising high-speed 
concepts  would a lso be conducted. I n  program y e a r s  4 through 
8 ,  advanced systems would be f a b r i c a t e d  and f l i g h t  t e s t e d ,  

Large R o t o r c r a f t  Concepts:  A broad range of l a r g e  
ro torcraf t  concepts  and c o n f i g u r a t i o n s  would be  eva lua ted  i n  
t h e  i n i t i a l  phase s t a r t i n g  i n  year 1 by concept  s t u d i e s ,  
ground-based t e s t i n g  and f l i g h t  t e s t i n g  of a v a i l a b l e  hardware . 
The i n i t i a l  e f for t  would involve t h e  assessment  of v a r i o u s  
o p t i o n s  f o r  heavy l i f t ,  ca rgo  and t r a n s p o r t  mi s s ions .  A key 
c o n s i d e r a t i o n  of t h e  h e a v y - l i f t  s t u d i e s  would be t h e  f e a s i -  
b i l i t y  of provid ing  a high-speed f e r r y  c a p a b i l i t y  f o r  heavy- 
l i f t  v e h i c l e s .  The large r o t o r c r a f t  program would i n c l u d e  
t h e  e a r l y  ground-based t e s t i n g  of t h e  XCH-62A t r a n s m i s s i o n  
system t o  provide  a t e c h n i c a l  da t a  base on l a r g e  dr ive systems 
fo r  f u t u r e  c i v i l  and m i l i t a r y  heavy l i f t ,  cargo and t r a n s p o r t  
v e h i c l e s .  T h i s  t r a n s m i s s i o n  technology would also have a p p l i -  
c a t i o n  t o  new V/STOL des igns .  I n  year  5 ,  t h e  emphasis would 
s h i f t  t o  ground- tes t ing  of o the r  systems such as ro tors ,  
con t ro l  systems, and advanced load handl ing  systems. 

3 . 6  COMMUTER TRANSPORTS 

Thc commuter a i r l i n e s  have experienced s i g n i f i c a n t  growth over 
t h e  l a s t  decade and, f o r  t h e  most p a r t ,  have had annual  growth 
rates l a r g e r  than those o f  t h e  domestic t runk  and local service 
a i r l i n e s .  The commuter a i r l i n e s  i n  the U . S .  are c u r r e n t l y  oper- 
a t i n g  a w i d e  v a r i e t y  of s m a l l  domestic and f o r e i g n  b u i l t  a i r -  
c r a f t ,  m o s t  of which w e r e  o r i g i n a l l y  des igned  f o r  t h e  g e n e r a l  
a v i a t i o n  market, and which are  o p e r a t i o n a l l y  and economical ly  
s e v e r e l y  compromised f o r  commuter a i r l i n e  o p e r a t i o n s  . 
3.6.1 Technology Needs 

There appear  t o  be s i g n i f i c a n t  technology o p p o r t u n i t i e s  t h a t  
c a n  improve t h e  passenger/community acceptance  and o p e r a t i o n a l  
cconomics of f u t u r e  s m a l l  t r a n s p o r t  a i r c r a f t .  Commuter a i r -  
c r a f t  o p e r a t e ,  on t h e  average ,  over s t a g e  l e n g t h s  of about  1 0 0  
m i l e s ,  and t h i s  imposes unique design c o n s i d e r a t i o n s  and, 
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consequent 1 y , technology o p p o r t u n i i i  es. 
i s  of paramount impartance because a 30-minute de l ay  i s  much 
more de t r imen ta l  t o  a 3Q-minute short-haul  f l i g h t  than  t o  a 
5-hour long-haul f l i g h t .  Although speed i s  c e r t a i n l y  impor tan t  
t o  t h e  passenger,  it is  perhaps  more impor tan t  t o  t h e  operator 
because of i t s  d i r e c t  e f f e c t  on a i r c r a f t  p r o d u c t i v i t y  and, 
h c n c c ,  on  ope ra t ing  cost. 

M a n y  passengers  remain somewhat nervous about  f l y i n g ,  e s p e c i a l l y  
i n  many of t h e  "non-a i r l i ne"  looking commuter a i r c r a f t ,  and 
a p p r e c i a t e  a s  smooth a r i d e  a s  p o s s i b l e .  Unfo r tuna te ly ,  
because m o s t  c u r r e n t  commuter a i r c r a f t  have l o w  wing load ings  
and spend a l a rge  p o r t i o n  of t h e i r  f l i g h t  t i m e  i n  t h e  more 
t u r b u l e n t  lower a l t i t u d e s ,  t h e i r  r i d e  q u a l i t y  i s  n o t  as smooth 
a s . t h a t  of t h e  l a r g e r  je t  t r a n s p o r t  a i r c r a f t .  

On-time dependahi l  i t y  

Commuter a i r c r a f t  o p e r a t i o n a l  economics can be  improved by 
b e t t e r  a i rcraf t  performance c a p a b i l i t i e s  which a l l o w  them t o  
be opera ted  from s h o r t  runways wi th  f u l l  payload, t o  avoid 
d e l a y s  by i n t e g r a t i n g  smoothly i n t o  t h e  a i r  t r a f f i c  c o n t r o l  
system shared  with l a r g e r  a i r c ra f t ,  t o  c r u i s e  a t  h ighe r  speeds 
to minimize block t i m e ,  and t o  have improved cl imb performance 
t o  allow increased  a i r c ra f t  payload t o  gross weight.  

There  are u n c e r t a i n t i e s  i n  r ega rd  t o  t h e  a p p l i c a t i o n  of advanced 
technology i n  t h e  development of  U. S .  -manufactured f u t u r e  commuter 
t r a n s p o r t s .  Commuter a i r l i n e s  pe rce ive  a gap i n  t h e  c u r r e n t  
U . S .  manufacturers '  c a p a b i l i t y  f o r  b u i l d i n g  new a i r c r a f t  i n  
the 30- t o  60-passenger c a p a c i t y  range. These a i r c r a f t  may 
be too smal l  for  t h e  l a r g e  j e t  t r a n s p o r t  b u i l d e r s  (Boeing, 
Douglas and Lockheed) and too l a r g e  f o r  t h e  major g e n e r a l  
a v i a t i o n  manufacturers  (Beech, Cessna and P i p e r ) .  There are 
a l s o  u n c e r t a i n t i e s  w i t h  r ega rd  t o  t h e  c e r t i f i c a t i o n  r e q u i r e -  
men t s  and costs of  s o m e  new t echno log ie s .  I n  a d d i t i o n ,  
development costs of new a i r c ra f t  are s i g n i f i c a n t  and r i s k s  
a s s o c i a t e d  w i t h  unproven advanced technology tend  toward 
conservatism- -thus r e q u i r i n g  ex tens  i v e  demonst ra t ion  of tech- 
nology readiness .  

3.6.2 Ongoing Research 

NASA's p r e s e n t  program i s  p r i m a r i l y  a i m e d  a t  t h e  i d e n t i f i c a t i o n  
of t h e  m o s t  promising small t r a n s p o r t  a i r c r a f t  technology ele- 
ments. Technology a p p l i c a t i o n  s tudy c o n t r a c t s  r e c e n t l y  have 
been awarded t o  several airframe, engine  and p r o p e l l e r  manu- 
f a c t u r e r s .  I n  these s t u d i e s ,  t h e  des ign  and o p e r a t i o n a l  charac-  
ter is t ics  that c o n s t i t u t e  t h e  main c o n s t r a i n t s  t o  improved 
c r u i s e  and te rmina l  a r e a  performance w i l l  be i d e n t i f i e d  and 
examined, and t h e  p o t e n t i a l  fo r  improvement, by t h e  cost- 
e f f e c t i v e  a p p l i c a t i o n  of  advanced technology,  w i l l  be eva lua ted .  
The s t u d i e s  w i l l  d e f i n e  t h e  r e s e a r c h  r e q u i r e d  t o  elevate t h e  
a p p r o p r i a t e  advanced technology t o  t h e  p o i n t  t h a t  it could be 
a p p l i e d  t o  new a i r c r a f t  w i t h  conf idence .  
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3 . 6 . 3  Program 

I n  view of the  u n c e r t a i n t i e s  which exist a t  t h e  p r e s e n t  t h e ,  a 
two-phased a c t i v i t y  i s  i n  order w i t h  regard t o  commuter t r a n s -  
port  technology. Phase I would have as i ts  o b j e c t i v e  t h e  
performance of s t u d i e s  and pre l iminary  a n a l y t i c a l  and ground- 
based exper imenta l  r e s e a r c h  i n  t h e  t echno log ie s  found t o  be 
m o s t  c r i t i c a l  and b e n e f i c i a l  t o  t h e  development of improved 
commuter a i r c r a f t .  The s e l e c t e d  t e c h n o l o g i e s  would be e s t a b l i s h e d  
from p r i o r  p r o j e c t e d  b e n e f i t s  ana lyses  i n  which t h e  p o t e n t i a l  
t i m i n g  f o r  t h e  i n t r o d u c t i o n  of advanced technology a i rc raf t  
i n t o  t h e  f leet  would be estimated and t h e  r e s u l t i n g  b e n e f i t s  
over time q u a n t i f i e d .  

Phase  I1 o b j e c t i v e s  would inc lude  t h e  development of a des ign  
d a t a  base and c e r t i f i c a t i o n  cri teria,  t h e  v a l i d a t i o n  of advanced 
concepts ,  and t h e  demonst ra t ion  of technology r e a d i n e s s  i n  the 
major impor tan t  t e c h n i c a l  d i s c i p l i n e s .  Aerodynamics r e s e a r c h  
could i n c l u d e  wind-tunnel tests and s e l e c t e d  f l i g h t  tests 
where a p p r o p r i a t e  . Ground-test experiments  could  be performed 
t o  es tab l i sh  engine /a i r f rame i n t e g r a t i o n  e f f e c t s .  Propuls ion  
s y s t e m  research could  i n c l u d e  the des ign  and t es t  of c r i t i c a l  
advanced components. Advanced s t r u c t u r e s  could be f a b r i c a t e d  
and advanced systems, s u c h  as  f l i g h t  c o n t r o l s  and i c i n g  p r o t e c t i o n ,  
could bc s imula ted  and t e s t e d .  

'l'lic schedu le  and funding for  t h i s  program i s  shown i n  F igure  9. 

3.7 GENEWL AVIATION 

Advanced technology can be used t o  m e e t  a number of emerging 
problems and c h a l l e n g e s  a f f e c t i n g  the  f u t u r e  of General Avia t ion  
and i t s  manufactur ing i n d u s t r y ,  i n c l u d i n g  t h e  p o s s i b i l i t y  of 
growing f u e l  s h o r t a g e s  and e s c a l a t i n g  costs; t h e  i n t e r r e l a t e d  
i s s u e s  of i n c r e a s i n g  conges t ion  around a i r p o r t s  and i n  t h e  
airways;  s a f e t y  and environmental  impact;  and t h e  t h r e a t  of 
growing, competent and aggres s ive  f o r e i g n  compe t i t i on  determined 
t o  c a p t u r e  a l a r g e r  share of t h e  world market .  I n  a d d i t i o n ,  
s i g n i f i c a n t  o p p o r t u n i t i e s  exist f o r  broadly i n c r e a s i n g  t h e  
u t i l i z a t i o n  of G.A. a i r c r a f t ,  an impor tan t  example being t h e  
l a rge  p o t e n t i a l  i n  a e r i a l  a p p l i c a t i o n s  of materials for agr i -  
c u l t u r e  and r e l a t e d  purposes .  

3.7.1 Technology Needs 

Key technology needs of General Av ia t ion  are r e l a t e d  t o  f u e l  
e f f i c i e n c y ,  en rou te  and te rmina l  o p e r a t i o n a l  e f f e c t i v e n e s s ,  
and conges t ion .  

Both t h e  economics and f u t u r e  u s e f u l n e s s  of G.A. w i l l  be 
adve r se ly  impacted by growing problems of a v i a t i o n  g a s o l i n e  

43 



supply and i n c r e a s i n g  f u e l  costs. Improved f u e l  e f f i c i e n c y  
c a n  r e s u l t  from a t  l e a s t  f o u r  types of improvements: better 
engines  and p r o p e l l e r s ;  reduced a i r c r a f t  drag;  reduced a i r -  
c r a f t  weight;  and more e f f i c i e n t  f u e l  management, through 
onboard system improvement and improved nav iga t ion  t echn iques  
and  a i r  t r a f f i c  c o n t r o l  methods. Conceivably,  up t o  50 per- 
c e n t  r educ t ions  i n  f u e l  use  f o r  ce r t a in  types  of G . A .  a i r c r a f t  
could be r e a l i z e d  if a l l  t ypes  of improvements were achieved.  

V e r y  few f u e l - e f f i c i e n c y  improvements have appeared i n  f o r t y  
y e a r s  i n  t h e  gaso l ine  f u e l e d ,  spark  i g n i t i o n  r e c i p r o c a t i n g  
engines  which power  t h e  v a s t  m a j o r i t y  of G.A.  a i r c r a f t .  
W i t h  t h e  increased  i n c e n t i v e s  fo r  sav ings ,  it can now be 
s e e n  t h a t  t h e r e  are a number of p o s s i b i l i t i e s  for i n c r e a s i n g  
t h e  thermodynamic e f f i c i e n c y  of t h e s e  engines .  Variable 
t i m i n g ,  better combustion chamber des ign ,  more e f f e c t i v e  
cool ing  designs,  and b e t t e r  f u e l  p r e p a r a t i o n  and c o n t r o l  
processes have a l l  been i n v e s t i g a t e d  i n  e x p l o r a t o r y  NASA 
r c sca rch  and technology programs f o r  G.A. engines .  T h i s  work 
c l c a r l y  i n d i c a t e s  t h a t  i t  should be  possible t o  develop some 
or a l l  of t hese  p o t e n t i a l  improvements which could be  com- 
p a t i b l e  w i t h  genera l  a v i a t i o n  requi rements  f o r  s a f e t y ,  re- 
l i a b i l i t y  and o p e r a t i n g  range. I n  a d d i t i o n  t o  b a s i c  engine  
mod i f i ca t ions  and d e s i g n  changes,  improved tu rbosupe rcha rge r s  
fo r  G.A. engines could a l so  permi t  more e f f i c i e n t  h igher  
a l t i t u d e  o p e r a t i o n s ,  w i t h  r e s u l t a n t  a d d i t i o n a l  f u e l  s av ings  . 
Other recent NASA i n v e s t i g a t i o n s  of engine technology f o r  
g e n e r a l  a v i a t i o n  have extended i n t o  less conven t iona l  types .  
B a s i c  improvements t o  r o t a r y  combustion (Wankel-type 1 eng ines  to 
reduce t h e i r  f u e l  consumption t o  a c c e p t a b l e  levels s e e m  f e a s i b l e ;  
i f  p e r f e c t e d ,  t h e  r o t a r y  engine would offer  for  G.A.  t h e  
i n h e r e n t  p o t e n t i a l  advantages of lower weight ,  reduced mechanical 
complexity and less v i b r a t i o n .  S i m i l a r l y ,  r e c e n t  s t u d i e s  of 
high-speed, l i gh twe igh t ,  supercharged two-s t roke  c y c l e  d i e s e l  
e n g i n e s  i n d i c a t e  c o n s i d e r a b l e  m e r i t  fo r  this unconvent ional  
power p l a n t  approach f o r  g e n e r a l  a v i a t i o n .  B o t h  t h e  advanced 
r o t a r y  and diesel  eng ines  could be developed f o r  m u l t i - f u e l  
o p e r a t i o n ,  reducing f u t u r e  a v i a t i o n  g a s o l i n e  demand. 

The advantages of gas  t u r b i n e  eng ines  i n  a v i a t i o n  are w e l l  
known, p a r t i c u l a r l y  t h e i r  high r e l i a b i l i t y  and long l i f e ,  
l o w  v i b r a t i o n ,  mechanical s i m p l i c i t y  and l o w  s p e c i f i c  weight .  
I n  t h e  p a s t ,  these b e n e f i t s  have been denied t o  a l l  bu t  the 
l a r g e s t ,  m o s t  powerful and h i g h e s t  performance G.A. a i r c r a f t ,  
which are a l s o  the most c o s t l y .  Excess ive ly  high costs Of 
hardware and high f u e l  consumption have both  been barriers t o  
s u c c e s s f u l  development and acceptance  of smaller gas  t u r b i n e  
engines  f o r  t h e  l o w e r  performance classes of G.A.  aircraf t .  
R e c e n t  s t u d i e s  have i n d i c a t e d  t h a t  s i g n i f i c a n t  improvements 
i n  b o t h  cost  and f u e l  consumption may be ach ievab le  i n  t h e  
f u t u r e ,  b r ing ing  t h e  long  hoped-for r e a l i t y  of a f f o r d a b l e  
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tu rboprop  eng ines  t o  a much l a r g e r  p o r t i o n  of the g e n e r a l  
a v i a t i o n  spectrum of a i rc raf t .  Key t o  t h i s  achievement 
i s  improved eng ine  component performance coupled wi th  d e s i g n s  
amenable t o  l o w  cost manufacturing methods which do n o t  s a c r i f i c e  
Performance . 
Perhaps 9 9  p e r c e n t  of G.A. a i r c r a f t  are p r o p e l l e r  d r i v e n ,  and 
will con t inue  t o  be so i n  t h e  f u t u r e  f o r  a l l  b u t  t h e  more 
high-performance (high-speed) types .  A s  w i th  engines  i n  
G . A . ,  f e w  improvements i n  p r o p e l l e r  aerodynamic e f f i c i e n c y  
have appeared s i n c e  World War 11. H o w e v e r ,  improved a i r f o i l s  
and aerodynamic computa t iona l  methods, t o g e t h e r  w i t h  t h e  u s e  
of a p p r o p r i a t e  composite s t r u c t u r a l  des ign  methodology, 
could  make p o s s i b l e  major improvements i n  G.A. p r o p e l l e r s  i n  
t h e  f u t u r e .  A s  much as  1 0  pe rcen t  f u e l  s av ings  might be  
r e a l i z e d  for c e r t a i n  t y p e s  of a i r c r a f t ,  as w e l l  as  reduced 
propeller blade weight  and increased s t r u c t u r a l  i n t e g r i t y .  

. 

Most of t h e  a c t u a l  power (and energy)  needed by an a i r c r a f t  
is used t o  overcome d rag ,  and many o p p o r t u n i t i e s  f o r  basic 
d rag  r e d u c t i o n  e x i s t  i n  G.A. One of t h e s e  could be t h e  u s e  
of a i r f o i l  concepts  based on main ta in ing  a r e g i o n  of n a t u r a l  
l a m i n a r  f low, which h a s  r e c e n t l y  been explored  a t  small scale 
fo r  s p e c i f i c  G.A. f l i g h t  regimes. Another area of oppor- 
t u n i t y  is  t h e  r e d u c t i o n  of  cool ing  d rag  i n  many G.A. a i rc raf t  
engine  i n s t a l l a t i o n s ,  wh i l e  s t i l l  other o p p o r t u n i t i e s  e x i s t  
for sys t ema t i z ing  the  reduct ion  of p r o p e l l e r /  nacel le /wing/  
b o d y / t a i l  i n t e r f e r e n c e  d rag  components through advanced 
des ign  and a n a l y s i s  approaches.  Aerodynamically smoother 
s u r f a c e s  r e s u l t i n g  from optimal a p p l i c a t i o n s  of  composite 
s t r u c t u r e s  could  a lso r e s u l t  i n  s i g n i f i c a n ' t  s k i n  f r i c t i o n  
and form d rag  r e d u c t i o n s .  And, f i n a l l y ,  reexaminat ion of  
unconvent ional  a i rc raf t  aerodynamic arrangements  (such as  
canards) may r e v e a l  p r a c t i c a l  and e f f e c t i v e  means of reducing  
t r i m  drag. 

'I'hc! energy saving p o t e n t i a l  of weight  r e d u c t i o n  i n  G.A. r i v a l s  
t h e  b e n e f i t s  of p ropu l s ion  or aerodynamic d rag  improvements . 
A c lear  o p p o r t u n i t y  i s  found i n  t h e  e f f e c t i v e  use of composi te  
primary s t r u c t u r e s  chosen f o r  op t imal  u s e  i n  G.A. a p p l i c a t i o n s .  
O t h e r  weight  r e d u c t i o n s  are ,  of c o u r s e ,  in t roduced  by a l l  
improvements i n  p ropu l s ion  e f f i c i e n c y  and d rag  r educ t ion  
which r e s u l t  i n  reducing  t h e  r equ i r ed  f u e l  load f o r  a g iven  
m i s s i o n .  

I n  a v i o n i c s ,  t h e  m o s t  i m p o r t a n t  o p p o r t u n i t y  l ies  i n  t h e  area 
of improved and a f f o r d a b l e  av ion ic  systems f o r  G.A. Simpli-  
f i e d  and i n t e g r a t e d  a v i o n i c s  systems would perform many 
n a v i g a t i o n  and f l i g h t  management tasks t o  l i g h t e n  p i l o t  work- 
l o a d s ,  l e a d i n g  t o  more a t t e n t i v e ,  e f f i c i e n t  and s a f e  o p e r a t i o n  
of t h e  a i r p l a n e .  Better systems could be made a v a i l a b l e  over 
t h e  e n t i r e  spectrum of  G.A. a i r c r a f t ,  n o t  merely t h e  h i g h e r  
performance types .  The improved a v i o n i c s  cou ld  a lso p e r m i t  
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m o r e  e f f i c i e n t  naviga t ion ,  weather avoidance, f l i g h t  c o n t r o l ,  
engine  cont ro l  and f u e l  management, w i t h  r e s u l t a n t  t i m e  and 
f u e l  s av ings .  

Much can  be done t o  improve s t r u c t u r a l  des igns  t o  provide  
g r e a t e r  p r o t e c t i o n  f o r  G.A. a i r c r a f t  occupants  i n  t h e  even t  
of c r a s h  a c c i d e n t s .  Energy absorb ing  load l i m i t i n g  s t r u c t u r a l  
concepts  would provide such c a p a b i l i t i e s .  S a f e t y  can a lso 
be enhanced i n  t h e  s t a l l / s p i n  area, a prime cause  of G.A. 
a c c i d e n t s .  N o t  on ly  i s  t h i s  a s a f e t y  concern,  it i s  also an 
o p e r a t i o n a l  l i m i t a t i o n  i n  t h e  t e rmina l  area. S i g n i f i c a n t  
improvements i n  unders tanding  t h e  phenomena and i n  provid ing  
des ign  remedies a r e  needed. 

I n  a d d i t i o n  t o  these technology needs t o  f o r e s t a l l  or amelio- 
rate emerging t h r e a t s  t o  t h e  f u t u r e  of g e n e r a l  a v i a t i o n ,  
s i g n i f i c a n t  new o p p o r t u n i t i e s  w i l l  con t inue  t o  arise for 
the use  of a i r c r a f t  i n  b u s i n e s s  and i n d u s t r y .  An example 
of cons ide rab le  importance is t h e  extended use of  a i r c r a f t  i n  
a g r i c u l t u r e  for t h e  e f f  i c i c n t ,  s a f e  and economical app l i ca -  
t i o n  of f e r t i l i z e r s ,  i n s e c t i c i d e s  and seeds .  The technology 
requi rements  i n  t h i s  area are for improved means of accurate 
con t ro l  of b o t h  l i q u i d  and solid materials, a t  more h igh ly  
p roduc t ive  r a t e s .  Based on  NASA research and s t u d i e s  of t h e  
l a s t  f e w  years, i n t e g r a t e d  system des ign  concepts  r a t h e r  than  
add-on material d i s t r i b u t i o n  d e v i c e s  r e p r e s e n t  the m o s t  f r u i t -  
f u l  o p p o r t u n i t i e s  f o r  major advance. I n  t h e s e ,  the  a i r p l a n e  
aerodynamic flow f i e l d s  as w e l l  as i t s  on-board sens ing ,  
f l i g h t  management and c o n t r o l  systems, would be u t l i z e d  as an 
i n t e g r a t e d  whole. 

3 .7 .2  Ongoing Research 

'l'hc bulk of ongo ing  RhT d i r e c t l y  r e l a t e d  t o  G.A.  problems and 
o p p r t u n i t i c s  i s  undertaken by NASA, p a r t  of it in-house,  p a r t  
of i t  through u n i v e r s i t y  g r a n t  o r  cont rac t ,  and p a r t  of it 
(roughly h a l f )  performed unde r  c o n t r a c t  by i n d u s t r y .  N A S A ' s  
e s sen t i a l  ro l e  i n  r e s e a r c h  and technology for  General Avia t ion  
i s  t o  exp lo re  fundamentals and demonstrate  technology which can 
be u s e f u l  t o  t h e  i n d u s t r y ,  w i t h  primary emphasis on i s s u e s  for  
which  gene ra l i zed  technology s o l u t i o n s  are needed. The NASA 
program i n  genera l  a v i a t i o n  encompasses a l l  t h e  major t e c h n i c a l  
d i s c i p l i n e s :  aerodynamics, f l i g h t  dynamics, s t a b i l i t y  and 
c o n t r o l ,  m a t e r i a l s  and s t r u c t u r e s ,  p ropu l s ion ,  a v i o n i c s  and 
human fac tors ,  and i n c l u d e s  basic systems des ign  and i n t e r -  
d i s c i p l i n a r y  concerns,  i n c l u d i n g  o p e r a t i o n s  and s a f e t y .  

I n  a d d i t i o n  t o  R&T Base e f f o r t s  i n  each of t h e  t e c h n i c a l  d is-  
c i p l i n e s ,  two  S y s t e m s  Technology programs i n  g e n e r a l  a v i a t i o n  
are p r e s e n t l y  being conducted. One of these, t o  be completed 
w i t h i n  F Y  1979 ,  i s  t h e  Q u i e t ,  Clean General Av ia t ion  Turbine 
program (QCGAT), which is  being conducted t o  demonst ra te  the  

4 6  



a p p l i c a b i l i t y  of l a r g e  engine n o i s e  and emission r e d u c t i o n  
technology t o  s m a l l e r  t u r b a f a n  eng ines  f o r  use i n  G.A. e x e c u t i v e  
a i r c r a f t .  The o t h e r  Systems Technology program i s  t h e  Demon- 
s t r a t i o n  of Advanced Avionics  System (DAAS). I t  i n c l u d e s  an 
i n d u s t r y  c o n t r a c t  program to  provide t h e  c r i t i c a l  in fo rma t ion  
and a rch i t ec tu re  r e q u i r e d  f o r  t h e  des ign  of  a reliable, l o w -  
cos t ,  advanced a v i o n i c s  system s u i t a b l e  f o r  G.A. a i r c r a f t  t o  
enhance s a f e t y  and u t i l i t y ,  and t o  serve as a basis  f o r  sub-- 
s cyucs t  i n d u s t r y  des ign  development w i t h i n  t h e  coming decade. 
I t  w i l l  be completed i n  F Y  1 9 8 2 .  

Despi te  t h e  b read th  of  t h e  c u r r e n t  program d i r e c t e d  toward 
General Avia t ion ,  t h e  depth  and pace of  t h e  e f f o r t  w i l l  no t  a t  
p r e s e n t  provide t h e  f u l l  range of v a l i d a t e d  technology which 
w i l l  be needed f o r  i n d u s t r y ' s  proper a d d r e s s  of t h e  problems 
and c h a l l e n g e s  o u t 1  i ned p rev ious ly  . 

3 . 7 . 3  Program 

Seve ra l  important  o p p o r t u n i t i e s  have become v i s i b l e  as p o s s i b l e  
major focused technology a c t i v i t i e s  to  provide  b a s i c  informa- 
t i o n  and technology demonst ra t ions  i n  s e l e c t e d  General Av ia t ion  
a r e a s .  The s u c c e s s f u l ,  t imely  conduct of t h e s e  e f f o r t s  would 
bc t h e  key t o  i n d u s t r y ' s  p repa ra t ion  t o  a d d r e s s ,  both adequate ly  
and w i t h  conf idence ,  t h e  s e v e r a l  problems and c h a l l e n g e s  it 
must face i n  t h e  nex t  decade and beyond. 

Schedules  and funding f o r  these  a c t i v i t i e s  are shown i n  F igu re  1 0 .  

Propuls ion  Technology 

Three major o b j e c t i v e s  would be inc luded  i n  t h e  area of propul-  
s i o n :  Advanced P r o p e l l e r s ,  Advanced I n t e r n a l  Combustion Engines,  
and a G e n e r a l  Avia t ion  Turbine Engine program. 

Advanced P r o p e l l e r s  : Sys tems  s t u d i e s  and p recu r so r  r e s e a r c h  
o n  p r o p e l l e r s  for  low-to-moderate speed a p p l i c a t i o n s  f o r  G.A. 
have led t o  t h e  d e f i n i t i o n  of  a focused  technology o p p o r t u n i t y  
f o r  General Av ia t ion  P r o p e l l e r  (GAP) technology.  The objectives 
of t h i s  program would i n c l u d e  aerodynamic e f f i c i e n c y  improve- 
ment, no i se  r e d u c t i o n ,  weight r e d u c t i o n  and improved s t r u c t u r a l  
c h a r a c t e r i s t i c s  and f a t i g u e  l i fe .  Modern a n a l y t i c a l  computa- 
t i o n a l  t echn iques  f o r  p r o p e l l e r  aerodynamics,  a c o u s t i c s ,  and 
composite s t r u c t u r a l  des ign  t a i l o r i n g  of mechanical p r o p e r t i e s  
would be app l i ed  t o  t h e  o p t i m i z a t i o n  of  p r o p e l l e r  c h a r a c t e r i s -  
t ics  for  s e v e r a l  d i s t i n c t  a p p l i c a t i o n  regimes i n  g e n e r a l  
a v i a t i o n .  Envisioned as a f ive-year  program, the first phase 
would require f i r s t  a sys t ema t i c  e v a l u a t i o n  of des ign  parameters ,  
fol lcwed by small-scale model testhg and a n a l y s i s ,  and u l t i x a t e l y  
t h e  e v o l u t i o n  of f u l l - s c a l e  advanced p r o p e l l e r  d e s i g n s  f o r  
ground- and wind-tunnel t e s t i n g .  
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Advanced I n t e r n a l  Combustion Engines: T h i s  5- t o  6-year 
technology program enhancement would have three major phases.  
The f i r s t ,  l a s t i n g  about 3 y e a r s ,  would be an e v a l u a t i o n  of  
r e p r e s e n t a t i v e  m o d i f i c a t i o n s  which might be made i n  p r e s e n t  
t y p e s  of gasol ine- fue led  i n t e r n a l  combustion engines  t o  improve 
f u e l  economy, l i f e  and o p e r a t i o n a l  envelopes.  These m o d i f i c a t i o n s  
w o u l d  i nc lude  improved c o o l i n g  des ign  and reduced c o o l i n g  drag  
i n s t a l l a t i o n  concepts ,  e l e c t r o n i c  c o n t r o l s  and c o n d i t i o n  
monitor ing,  and advanced turbosupercharg ing  technology. Th i s  
work would subsequent ly  enab le  t h e  i n d u s t r y  t o  d e f i n e  and 
develop r e l a t i v e l y  near-term improvements which would no t  
mandate major manufactur ing and t o o l i n g  changes.  

The second phase,  begun c o n c u r r e n t l y  w i t h  t h e  f i r s t  and 
l a s t i n g  about three y e a r s ,  would exp lo re  t h e  c r i t i ca l  component 
des ign  technologies  f o r  more advanced spark  i g n i t i o n  r e c i p r o c a t i n g  
e n g i n e s ,  r o t a r y  combustion engines ,  and two-stroke c y c l e  d i e s e l  
e n g i n e s  for  G . A .  a p p l i c a t i o n s .  Based on t h e  comparat ive r e s u l t s  
of t h i s  w o r k ,  a d e c i s i o n  would be made t o  select t h e  most 
promising of t h e  t h r e e  advanced engine concepts  f o r  an expe r i -  
rncrital engine technology demonst ra t ion .  The engine demonst ra t ion  
phase would r e q u i r e  2 y e a r s ,  and would exp lo re  t h e  e s s e n t i a l  
c h a r a c t e r i s t i c s  o f  an advanced engine concept ,  t h e r e b y  substan-  
t i a l l y  reducing t h e  t e c h n i c a l  risks of subsequent  i n d u s t r y  
development. 

G . A .  Turbine Engine : T h i s  technology program, ex tending  
over  a f ive-year per iod ,  would develop and demonst ra te  t h e  
necessary  technology t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of f u e l  e f f i -  
c i e n t  and a f f o r d a b l e  turboprop  engines  f o r  g e n e r a l  a v i a t i o n .  
Power l e v e l s  of greatest  p r e s e n t  i n t e r e s t  correspond t o  t h o s e  
of t h e  larger turbosupercharged aircooled r e c i p r o c a t i n g  engines  
fo r  G.A, ,  i .e .  300 t o  400  horsepower a t  c r u i s i n g  a l t i t u d e .  The 
f i r s t  of three s e q u e n t i a l  phases  would inc lude  small engine 
component performance improvement and low-cost mechanical 
des ign  and f a b r i c a t i o n  technology.  The second phase would 
emphasize eng ine  gas g e n e r a t o r  system technology,  and the  
t h i r d  phasc wou ld  be devoted t o  exper imenta l  engine  f a b r i c a t i o n ,  
t e s t i n g  and eva lua t ion .  

Aerodynamic6 and 6 t r u c t u r e s  Technology 

Three major a c t i v i t i e s  are inc luded  i n  this area: Natura l  
Laminar F l o w  Wing technology demonst ra t ion ,  A e r i a l  App l i ca t ions  
Sys tem Technology, and Composite S t r u c t u r e s  Technology. 

Natura l  Laminar F l o w  Wing Technology: P recu r so r  R&T 
s t u d i e s  and wind-tunnel tests of new a i r f o i l s  for  G.A. drag 
r e d u c t i o n  have shown the concept  of ma in ta in ing  a r eg ion  of 
n a t u r a l  laminar f l o w  (NLF) w i thou t  boundary l a y e r  removal t o  be 
q u i t e  a t t r a c t i v e  for low-to-moderate airspeed a p p l i c a t i o n s .  
The F u l l - s c a l e  technology demonst ra t ion  and e v a l u a t i o n  of a 
NLF wing on an exper imenta l  a i r c ra f t  would s e r v e  t o  v e r i f y  t h e  
des ign  concept  and examine system des ign  s e n s i t i v i t i e s  such as 



wing/fuselage i n t e r f e r e n c e  effects . ,  t h e  i n f l u e n c e  of  t h e  
p r o p e l l e r  s l i p s t r e a m ,  and a c t u a l  s u r f a c e  smoothness requirements .  
The f ive-year,  two-phase program would begin w i t h  c h a r a c t e r i -  
z a t i o n  of t h e  unmodified baseline a i rc raf t  t o  be used, and t h e  
design of t h e  NLF wing inc lud ing  s u b s c a l e  wind-tunnel t es t  
c o n f i g u r a t i o n  development and v e r i f i c a t i o n .  I n  t h e  second 
phase,  t h e  f u l l - s c a l e  wing would be fabricated,  i n t e g r a t e d  wi th  
t h e  b a s e l i n e  a i r f r a m e ,  f l i g h t  t e s t e d  and e v a l u a t e d  a g a i n s t  
p r c d i c t i o n s .  R e s u l t s  of t h i s  program would provide  major 
evidence of t h e  f e a s i b i l i t y  of NLF wing concepts  needed be fo re  
a n y  i n d u s t r i a l  development would eve r  be undertaken.  

A e r i a l  A p p l i c a t i o n s  Systems Technology : Systems a n a l y s i s ,  
wake modi f i ca t ion  t e c h n i q u e s  and materials d i s p e r s a l  technology 
research have l e d  t o  t h e  d e f i n i t i o n  of t h i s  f ive-year  technology 
program. Its objective would be t o  demonstrate  t h e  i n t e g r a t i o n  
of a i r c r a f t  aerodynamic des ign  f o r  d i s p e r s a l  system requi rements  
t o  improve swath accuracy ,  un i formi ty  and c o n t r o l l a b i l i t y ,  and 
t o  increase ae r i a l  a p p l i c a t i o n s  p r o d u c t i v i t y  and s a f e t y .  T h i s  
technology demonst ra t ion  would provide  an impor t an t  s t i m u l u s  
for  subsequent  system development w i t h i n  the i n d u s t r y  . 

Composite S t r u c t u r e s  Technology: T h i s  f ive -yea r  technology 
program would add impor t an t ly  to  t h e  development of t h e  v i t a l  
d a t a  base  and des ign  methodology needed be fo re  t h e  p o t e n t i a l  
b e n e f i t s  of composite primary s t r u c t u r e s  for G.A. a i r c r a f t  can 
be real ized.  R e f l e c t i n g  d i f f e r i n g  d e t a i l e d  d e s i g n  requi rements ,  
it i s  n o t  l i k e l y  t h a t  t h e  i d e n t i c a l  material and s t r u c t u r g l  
c h a r a c t e r i s t i c s  being i n v e s t i g a t e d  f o r  use  i n  h igh ly  loaded,  
high-performance a i r c r a f t  w i l l  be e q u a l l y  s u i t a b l e  i n  l o w e r  
pcrformance, l o w e r  cos t  G.A. a i r c r a f t .  T h i s  program would 
assist  i n  t h e  e s t a b l i s h m e n t  of necessary  des ign  approach d i f f e r -  
ences, and would a l so  emphasize crash load  a b s o r p t i o n  r e q u i r e -  
m e n t s  i n  composite s t r u c t u r e s .  

Avionics ,  Cont ro l  and Display Technology 

T h i s  technology program would extend and broaden t h e  o b j e c t i v e s  
of t h e  p r e s e n t  Demonstration Advanced Avionics  System program 
f o r  G.A. I t  would emphasize four  major areas: t h e  development 
of concep t s  f o r  s i n g l e  p i l o t  workload r e d u c t i o n  and a i r  t r a f f i c  
c o n t r o l  c o m p a t i b i l i t y ,  p a r t i c u l a r l y  under I F R  c o n d i t i o n s ;  s tudy  
t h e  human factors and f u n c t i o n a l  a n a l y s i s  a s p e c t s  unique t o  G.A. 
i n  t h e  foregoing  s i t u a t i o n s ;  develop i n t e g r a t e d  systems des ign  
concepts ;  and conducc s imula t ion ,  ground tes ts  and f l i g h t  
e v a l u a t i o n s  of t h e  new a v i o n i c s  systems concepts .  I t  i s  
expec ted  t h a t  t h i s  program would ex tend  over an e igh t -yea r  time 
span,  provid ing  e s s e n t i a l  design concept  e v a l u a t i o n  and v e r i f i -  
c a t i o n  fo r  use  i n  G.A. systems of t h e  1990 's .  
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3.8 FUNDAMENTAL TECHNOLOGY - PROPULSION 

Fundamental p ropuls ion  technology advances pace major new engine  
systems b y  providing the  basis f o r  improvements associated wi th  
all p r i n c i p a l  a e r o n a u t i c s  o b j e c t i v e s  cover ing  performance, 
c f f  icicncy, economy, c o s t a ,  p r o d u c t i v i t y ,  s a f e t y ,  ,reliability, 
axid environmental compat ib i l  i ty. When fundamental technology 
i s  i n t e g r a t e d  and focused on  a p a r t i c u l a r  engine system f o r  
further development and v a l i d a t i o n ,  as  it is  i n  many of NASA's 
propuls ion  programs, it becomes c l o s e l y  t i e d  t o  a v e h i c l e  c lass  
having w e l l  def ined  m i s s i o n  and p ropu l s ion  Geqdirements. Major 
v c h i c l e  related advanced p ropu l s ion  system technology programs 
are desc r ibed  under t h e  i n d i v i d u a l  vehicle headings ,  such as, 
t h e  v a r i a b l e  c y c l e  engine  technology program for advanced 
supersonic  c r u i s e  a i r c r a f t ,  small engine  technology f o r  t h e  
shor t -haul  u t i l i t y  c lass  of a i r c r a f t ,  and t h e  three major 
p ropu l s ion  elements  of t h e  A i r c r a f t  Energy E f f i c i e n c y  (ACEE) 
program for  CTOL a i rc raf t .  The advanced turboprop  program, one 
of t h e s e  ACEE elements ,  i s  a l so  d i r e c t l y  a p p l i c a b l e  t o  slmrt- 
haul  commuter a i r c r a f t .  

I n  a d d i t i o n  t o  t h e s e  focused engine  programs, t h e r e  i s  p e r i o d i -  
c a l l y  an oppor tun i ty  t o  s t r e n g t h e n  and enhance t h e  funda- 
mental  technology base  by i n i t i a t i n g  f r o m  w i t h i n  t h e  ongoing 
program, ncw technology t h r u s t s  i n  areas which are g e n e r i c  
and apply  t o  many eng ine  systems across a number of v e h i c l e  
c a t e g o r i e s .  Such a n  o p p o r t u n i t y  c u r r e n t l y  ex is t s  i n  several 
key technology a r e a s - - a l t e r n a t e  f u e l s ,  eng ine  d u r a b i l i t y ,  
e l e c t r o n i c  controls, and eng ine /a i r f r ame  i n t e g r a t i o n .  Pro- 
p u l s i o n  systems f o r  a l l  vehicle t y p e s  w i l l  b e n e f i t  from 
a d d i t i o n a l  advances which could be  made i n  these areas. The 
fo l lowing  are d e s c r i p t i o n s  of  p o t e n t i a l  programs and t h e i r  
r e l a t i o n s h i p s  t o  ongoing program e lements  f o r  these key 
technology areas .  

3.8.1 A l t e r n a t e  Fue l s  

With t he  e s c a l a t i n g  cost  of j e t  f u e l s  and the  p o t e n t i a l  for 
s e r i o u s  sho r t ages  caused by supply  d i s l o c a t i o n s ,  technology 
must be developed to  a l l o w  a i r c r a f t  eng ines  t o  operate e f f i c i e n t l y ,  
s a f e l y ,  and w i t h  minimum envi ronmenta l  impact u s ing  f u e l s  
r e f i n e d  t o  broadened s p e c i f i c a t i o n  l i m i t s  t o  i n c r e a s e  f u e l  
a v a i l a b i l i t y .  These f u e l s  w i l l  be r e f i n e d  n o t  on ly  from petroleum 
crude  o i l ,  but  from coal and shale d e r i v e d  c rudes  as w e l l .  

Broad-specif i c a t i o n  f u e l s  technology is p a r t i c u l a r l y  impor t an t  
t o  l a r g e  commercial t r a n s p o r t  a i r c ra f t .  But the  large and growing 
f l ee t  of turbine-powered h e l i c o p t e r s  and b u s i n e s s  and commuter 
a i r c r a f t  w i l l  a lso be affected by f u e l  having  r e l a x e d  specifi- 
ca t ions .  I n  fac t ,  because of  s i z e  effects and mis s ion  p r o f i l e s  
p e c u l i a r  t o  h e l i c o p t e r s  and shor t -hau l  commuter a i r c r a f t ,  
problems w i t h  s m a l l  e n g i n e s  w i l l ,  i n  many ways, be  more 
cha l l eng ing .  

c 
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The o b j e c t i v e  of  t h i s  a i rcraf t  a l t e r n a t e  f u e l s  e f f o r t  would be 
(1) t o  i n v e s t i g a t e  and d e f i n e  t h o s e  component and system tech- 
n o l o g i e s  p e c u l i a r  t o  both large and s m a l l  g a s  t u r b i n e  eng ines  
and a i r c r a f t  f u e l  systems when o p e r a t i n g  on broadened specifica- 
t i o n  f u e l s ,  and ( 2 )  t o  e v a l u a t e  b road- spec i f i ca t ion  f u e l  thermal  
s t a b i l i t y ,  f r e e z i n g  p o i n t ,  and combustion p r o p e r t i e s  (and t h e  
tcchnologics t o  accommodate changes i n  t h e s e  p r o p e r t i e s  i n  
f u t u r e  f u e l s )  . Conf igu ra t ion  o r i e n t e d  component and system 
technology s t u d i e s  would be conducted t o  determine c o n s t r a i n t s  
on f u e l  p r o p e r t i e s  d i c t a t e d  by e x i s t i n g  engine and a i r f r a m e  
des ign  l i m i t a t i o n s .  

The ongoing NASA f u e l s  program, underway s i n c e  1 9 7 4 ,  has been 
s t r u c t u r e d  around c h a r a c t e r i z a t i o n  of  s h a l e  and coal d e r i v e d  
l i q u i d s  a s  w e l l  as  petroleum, and i n c l u d e s  examinat ion of the  
effects  of a r e l a x a t i o n  of e x i s t i n g  a i r c r a f t  t u r b i n e  f u e l s  
s p e c i f i c a t i o n s .  A s  t h e  program h a s  progressed ,  it has  become 
apparent  t h a t  both a broadening of  scope and an a c c e l e r a t i o n  
of pace would be c o n s i s t e n t  with t h e  o n s e t  of s e r i o u s  supply 
d i s l o c a t i o n s  combined wi th  the  unacceptab le  cost e s c a l a t i o n  of 
e x i s t i n g  j e t  f u e l s .  I n  such an expanded program, fundamental 
s t u d i e s  would  be performed t o  a s s e s s  thermal s t a b i l i t y ,  f r e e z e  
p o i n t ,  and l i q u i d  f u e l  combustion c h a r a c t e r i s t i c s  of c a n d i d a t e  
hroad s p e c i f i c a t i o n  petroleum and s y n t h e t i c  ' f u e l s  for a i r c r a f t  . 
In-depth s t u d i e s  i n t o  coking c h a r a c t e r i s t i c s ,  carbon format ion  
and gumming c h a r a c t e r i s t i c s ,  wax formation s u s c e p t i b i l i t y ,  
v a p o r i z a t i o n  c h a r a c t e r i s t i c s  and o t h e r  fundamental phenomena 
would be performed. 

T h i s  program could  be conducted over  a ten-year  per iod  through 
in-house e f for t s  a t  t h e  NASA c e n t e r s ,  c o n t r a c t s  t o  i n d u s t r y  
and non-prof it r e s e a r c h  o r g a n i z a t i o n s  and g r a n t s  t o  u n i v e r s i t i e s .  

R e s u l t s  f r o m  t h e  program would provide  an e x t e n s i v e  d a t a  base 
on f u e l  p r o p e r t i e s  t o  permi t  adjustment  of f u e l  s p e c i f i c a t i o n s  
over a w i d e  range t o  affect  a v a i l a b i l i t y ,  cost, and sources  of - 
a v i a t i o n  f u e l  i n  t h e  f u t u r e ,  and t o  provide  a technology base 
fo r  t h e  des ign  of both  l a r g e  and s m a l l  t u r b i n e  engine combustion 
and f u e l  systems which would be compatible  wi th  t h e s e  f u t u r e  
f u e l s .  Funding requi rements  for  t h e  program expansion are given 
on  F igure  11, t h e  near  t e r m  phase be ing  d i r e c t e d  t o  f u e l  
c h a r a c t e r i z a t i o n  and t h e  more f a r  t e r m  phase toward component 
and systems aspects. 

3.8.2 Engine D u r a b i l i t y  

S i n c e  t h e  i n t r o d u c t i o n  of t h e  gas t u r b i n e  i n  t h e  e a r l y  1940's, 
engine p r e s s u r e s  and tempera tures  have cont inued t o  rise as 
requi rements  fo r  g r e a t e r  cyc le  e f f i c i e n c i e s  and improved per- 
formance have been .imposed. Today, engine  components are o f t e n  
s u b j e c t e d  t o  g a s  t empera tu res  as high as 2500°F. O f  all t h e  
gas t u r b i n e  components, t h o s e  i n  t h e  hot sec t ion - - the  combustor 
and t h e  tu rb ines - - a re  m o s t  s u s c e p t i b l e  - to  . d e t e r i o r a t i o n  and 
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damage. These parts. r e q u i r e  t h e  m o s t  f r e q u e n t  replacement ,  
account ing  f o r  o n l y  20 p e r c e n t  of t h e  e n g i n e ' s  weight but 60 
pe rcen t  of t h e  e n g i n e ' s  maintenance costs. I n  1978, t h e  mainte- 
nance costs for t h e  h o t  s e c t i o n  of high-bypass eng ines  i n  t h e  
free world was 4 0 0  m i l l i o n  d o l l a r s .  By 1988, i f  unchecked, t h e  
cost would climb t o  a s  much a s  t w o  b i l l i o n  d o l l a r s  and i s  
expected t o  cont inue  e s c a l a t i n g  a t  t h i s  r a p i d  r a t e  u n l e s s  t h e  
technology r equ i r ed  for  des ign ing  f o r  d u r a b i l i t y  is g r e a t l y  
improved. 

The o b j e c t i v e  of a program i n  t h i s  area would be t o  deve lop  
a n a l y t i c a l  models and p r e d i c t i v e  tools  t h a t  would a l low 
improvements i n  d u r a b i l i t y  t o  be des igned  i n t o  h o t  s e c t i o n  
components of advanced gas  t u r b i n e  eng ines  and t o  v e r i f y  
thcsc d u r a b i l i t y  improvements i n  t e s t b e d  engines  . 
Current  effor ts  f o r  improving engine  d u r a b i l i t y  are aimed 
m a i n l y  a t  developing c o a t i n g s  to  minimize o x i d a t i o n  and c o r r o s i o n  
of combustors ,  and t u r b i n e  vanes and b l ades .  Ongoing NASA 
ef for t s  have been aimed a t  improving t h e  s t r e n g t h  and f a t i g u e  
l i f e  of t u r b i n e  vanes and b l a d e s  by composi t iona l  changes i n  
high temperature  engine materials and by reducing  material 
t empera tu res  through t h e  use o f  more e f f i c i e n t  thermal  barrier 
c o a t i n g s .  I t  appears ,  however, t h a t  s i g n i f i c a n t  improvements 
w i l l  on ly  b e  p o s s i b l e  through a b e t t e r  unde r s t and ing  of t h e  
complex environment and l o a d i n g  c o n d i t i o n s  t h a t  are imposed on 
t h e  components of  t h e  t u r b i n e  engine  h o t  s e c t i o n .  

I n  Phase I of t h i s  a d d i t i o n a l  e f fo r t ,  t h e  to ta l  environment 
w i t h i n  the ho t  s e c t i o n  would f i r s t  be de f ined .  Th i s  would 
e n t a i l  measuring t h e  t empera tu res ,  p r e s s u r e s ,  and gas  f low 
c o n d i t i o n s  around combustors ,  vanes,  and b l ades .  Thermal and 
mechanical loadings  would t h e n  b e  measured wi th  improved i n s t r u -  
mentat ion which would r e q u i r e  advancements i n  thermocouples  and 
s t r a i n  gages.  The a c q u i s i t i o n  of t h e s e  d a t a  would pe rmi t  t h e  
des igne r  t o  develop methods t o  a c c u r a t e l y  p r e d i c t  c e r t a i n  
major i n p u t s .  These i n c l u d e  local gas  t empera tu res ,  h e a t  
t r a n s f e r  t o  t h e  component, local and average  component tempera- 
t u r e s ,  local and average stresses and s t r a i n s ,  t h e  s u r f a c e  
environment t o  account  f o r  chemical a t t a c k  and e r o s i o n ,  appro- 
p r i a t e  thermal and mechanical p r o p e r t i e s  of t h e  materials, and 
t h e  response  of t h e  m a t e r i a l  t o  v a r i o u s  f a i l u r e  mechanisms 
induced by the  environment.  

Ma te r i a l  s t r e s s - s t r a i n  behavior  would then  be s t u d i e d  and put  
i n t o  forms compatible w i t h  f i n i t e  e lement  s t r u c t u r a l  a n a l y s e s  
computer programs. A n o n l i n e a r  s t r u c t u r a l  a n a l y s i s  methodology 
would be developed f o r  u s e  as a component des ign  tool. Geometry 
modeling i s  a l s o  needed which would r e q u i r e  t h e  development of 
models f o r  combustors, b l a d e s ,  vanes and t u r b i n e  d i s k s .  The 
f a i l u r e  modes f o r  a l l  of t h e s e  components would be d e f i n e d  and 
a cri teria t h a t  d e f i n e s  f a i l u r e  would be e s t a b l i s h e d .  F i n a l l y ,  
a l l  of t h e s e  a c t i v i t i e s  would be i n t e g r a t e d  i n t o  a l i f e  pre- 
d i c t i o n  methodology t h a t  would p r e d i c t  the mode of f a i l u r e ,  
where i n  t h e  Component t h i s  f a i l u r e  would occurr and when 
f a i l u r e  would occur. 
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I n  Phase 2 ,  t h e  a n a l y s e s  and p r e d i c t i v e  methods developed i n  
Phase 1 would be v e r i f i e d  a t  the component leve'l. Actual  engine  
components would be instrumented and tested i n  o r d e r  t o  provide  
t h i s  v e r i f i c a t i o n .  The l i f e  p r e d i c t i v e  models could then  be 
improved where necessary.  Funding requi rements  for t h e  t w o  
phasc.s of a program expansion a r e  g iven  i n  F igu re  11. 

3 . 8 . 3  i<lcc tronic C o n t r o l s  

Modern commercial gas  t u r b i n e  engines  are c o n t r o l l e d  by conven- 
t i o n a l  hydromechanical systems which are capable  of  a d j u s t i n g  
o n l y  a l i m i t e d  number of c o n t r o l  variables. 
day cont ro l  systems,  advanced f u l l - a u t h o r i t y  e l e c t r o n i c  d i g i t a l  
con t ro l s  o f f e r  a tremendous oppor tun i ty  f o r  improving engine  
performance, r e l i a b i l i t y ,  and m a i n t a i n a b i l i t y  through improved 
power management and on - l ine  engine c o n d i t i o n  monitor ing.  
D i g i t a l  c o n t r o l s  for f u t u r e  engines  can  provide  t h e  f l e x i b i l i t y  
which permi ts  i n c o r p o r a t i o n  of a number of  s o p h i s t i c a t e d  c o n t r o l  
f u n c t i o n s  and v a r i a b l e  geometry p r o v i s i o n s  t o  promote e f f i c i e n t  
engine  o p e r a t i o n  and minimize hardware d e t e r i o r a t i o n  and its 
d e l e t e r i o u s  a f f e c t  on engine  performance and f u e l  consumption. 
Technology for  ach iev ing  r e l i a b l e  i n s t r u m e n t a t i o n ,  s e n s o r s ,  
so f tware  l o g i c ,  c o n t r o l  func t ions ,  and variable geometry a c t u a t o r s  
must be developed. 

Beyond t h e s e  p r e s e n t  

'l'he o b j e c t i v e  would be t o  develop technology f o r  h igh ly  r e l i a b l e ,  
f u l l  a u t h o r i t y  d i g i t a l  c o n t r o l  systems,  s enso r s ,  and ac tua tors  
for  advanced gas t u r b i n e  power management and engine c o n d i t i o n  
monitor ing.  

D i g i t a l  c o n t r o l s  which i n c o r p o r a t e  a number of s o p h i s t i c a t e d  
control f u n c t i o n s  and v a r i a b l e  geometry p r o v i s i o n s  would be 
developed t o  provide  e f f i c i e n t  engine  o p e r a t i o n  as  w e l l  as  an 
engine d i a g n o s t i c s  c a p a b i l i t y  for  moni tor ing  performance deter- 
i o r a t i o n  of t h e  engine .  C r i t i c a l  i n s t r u m e n t a t i o n  and senso r  
technology and i n t e r f a c e  and f a u l t - t o l e r a n t ,  s e l f - c o r r e c t i n g  
l o g i c  requi rements  would be developed and demonstrated.  
Advanced c o n t r o l  f e a t u r e s  which would be i n v e s t i g a t e d  i n c l u d e  
self- t r imming and a c c u r a t e  p o w e r  r a t i n g  c o n t r o l  t o  reduce 
maintenance and improve h o t  s e c t i o n  l i f e  by i n s u r i n g  that  the 
engine  o p e r a t e s  as in tended;  v a r i a b l e  area compressor s ta tor  
vane p o s i t i o n i n g  and b leed  c o n t r o l  w i t h  reset schedul ing  t o  
a n t i c i p a t e  and respond t o  t r a n s i e n t  excur s ions  t o  improve the 
s t a l l  margin and o p e r a t i n g  c h a r a c t e r i s t i c s ;  closed-loop modulated 
a c t i v e  c l e a r a n c e  c o n t r o l  systems t o  reduce b lade  t i p  wear and 
ma in ta in  des ign  running c l ea rance  throughout  t h e  l i f e  of the 

e m i s s i o n  combustors t o  minimize b o t h  l o w  and h igh  p o w e r  
e m i s s i o n s ;  modulated c o o l i n g  a i r  f low a d j u s t e d  t o  optimum 
l e v e l s  for  c r u i s e  and t akeof f  t o  minimize c y c l e  p e n a l t i e s .  
Advanced engine  c o n d i t i o n  monitoring techniques  would also be 
developed t o  d e t e c t  engine  deg rada t ion  and r eop t imize  the c o n t r o l  
s chedu les  for  maximum e f f i c i e n c y  . 

a g i n e ;  f u e l  f low s t a g i n g  t o  d i f f e r e n t  zones of advanced, l o w  
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T h i s  program w i t h  t h e  res .ources  given on F igu re  11 would cover 
a f ive-year  per iod and cu lmina te  i n  a system v e r i f i c a t i o n  i n  
a n  engine ope ra t ing  environment . 
3 . 8 . 4  Enginc/Airframe I n t e g r a t i o n  

Propuls ion  system and a i r c r a f t  v e h i c l e  aerodynamics are g e n e r a l l y  
i n v e s t i g a t e d  independent ly  'of  one ano the r  u n t i l  very l a te  i n  
t h e  pre l iminary  des ign  of a i r c r a f t  systems. As a r e s u l t ,  s ig -  
n i E i c a n t  performance b e n e f i t s  are no t  r e a l i z e d .  S i z a b l e  per- 
formance increases--on t h e  o r d e r  of 8-10 percent--are  p o s s i b l e  
through t h e  proper and e a r l y  i n t e g r a t i o n  of the  a i r f r a m e  and 
p ropu l s ion  system. I n  m i l i t a r y  f i g h t e r  a i r c r a f t ,  supe r son ic  
c r u i s e  a i r c ra f t ,  and VTOL a i r c ra f t ,  t h e  i n t e g r a t i o n  of  t h e  engine 
system and t h e  a i r f r a m e  i s  one of t h e  m o s t  impor tan t  a s p e c t s  
of t h e  o v e r a l l  system des ign  and can s i g n i f i c a n t l y  a f f e c t  air- 
p lane  performance. Improved a n a l y t i c a l  d e s i s n  methods are r e q u i r e d  
t o  reduce i n s t a l l a t i o n  losses i n  the i n l e t ,  exhaus t  nozzle ,  
and nacelle/pylon/wing f l o w  i n t e r a c t i o n s .  

The o v e r a l l  o b j e c t i v e  would be t o  provide  technology t o  reduce 
t h e  i n s t a l l a t i o n  losses associated wi th  the i n t e g r a t i o n  of 
propuls ion  systems i n t o  advanced a i rc raf t  des igns .  

B a s i c  t h e o r e t i c a l  and exper imenta l  r e s e a r c h  would be conducted 
t o  provide technology for  t h e  p r e d i c t i o n  of  local f l o w  i n t e r a c t i o n s  
around t h e  engine i n s t a l l a t i o n  t o  e x p l o i t  f a v o r a b l e  i n t e r f e r e n c e  
effects which may enhance t h e  wing l i f t ,  performance e f f i c i e n c y ,  
reduce drag ,  and permi t  t h r u s t  r e v e r s i n g  of  the exhaus t  system 
t o  improve performance of t h e  a i r c r a f t .  For t h e  exhaus t  nozzle, 
i n v e s t i g a t i o n s  would be made t o  de termine  means of improving 
t h e  i n t e r n a l  and e x t e r n a l  performance of bo th  u n i n s t a l l e d  and 
i n s t a l l e d  nozz les  and t o  exp lo re  the  i n t e g r a t i o n  procedures  f o r  
i n c o r p o r a t i n g  t h e  exhaus t  system i n t o  t h e  f u s e l a g e ,  wing or pods. 
General  experimental  and t h e o r e t i c a l  r e s e a r c h  s t u d i e s  would be 
conducted t o  improve the  unders tanding  of the flow phenomena 
a s  sociated w i t h  no z z l e / b o a t  t a i l /  j e t and j e t / w  i n g / a i r  f lame 
empennage i n t e r f e r e n c e .  F i n a l l y ,  advanced a n a l y t i c a l  methods 
capable  of p r e d i c t i n g  t h e  p ropu l s ion  system i n t e g r a t i o n  e f f e c t s  
would be developed. Funding requi rements  are given on Figure  11. 

3 . 9  FUNDAMENTAL TECHNOLOGY - AVIATION SAFETY 

Operat ing problems a r i s e  m o s t  f r e q u e n t l y  when a new a i r c r a f t  
des ign  i s  put  i n t o  service, when a new a i r  or ground o p e r a t i n g  
environment i s  e n t e r e d ,  o r  o p e r a t i n g  procedures  are changed. 
The m a j o r i t y  of t h e s e  o p e r a t i n g  problems can be solved by 
s t r a igh t fo rward  eng inee r ing  methods, c a l l i n g  upon e s t a b l i s h e d  
bases  of knowledge or  by m o d i f i c a t i o n s  i n  o p e r a t i n g  t echn iques  
o r  procedures .  
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There  is another  class of ope ra t ing  problem, however, t h a t  i s  
c h a r a c t e r i z e d  by a n  e l u s i v e n e s s  of cause  or by a l ack  of 
s u f f i c i e n t  unders tanding  of how t h e  a i r p l a n e  and i t s  equipment 
w i l l  bc opera ted  and of the requirements p laced  upon t h e  
a i r p l a n c  and i t s  e q u i p c n t  as it i n t e r a c t s  w i t h  t h e  environ-  
m e n t .  S o l u t i o n s  t o  t h e m  problems have g e n e r a l l y  r e q u i r e d  an 
expansion of knowledge or understanding of n o t  on ly  t h e  n a t u r e  
of t h c  problem, bu t  a l so  of the e f f e c t s  of employing d i f f e r e n t  
s o l u t i o n  o p t i o n s  wi th  a view towards avoid ing  the  c r e a t i o n  of 
another  problem. Research serves t h i s  purpose w e l l  by l ay ing  
down t h e  bas i s  f o r  development of  new materials, systems,  
proccsses ,  o p e r a t i n g  techniques ,  and des ign  p r a c t i c e s  which 
cnablc  t h e  e s t a b l i s h m e n t  of a s a t i s f a c t o r y  s a f e t y  margin or  r i s k  
l c v c l .  V e r y  o f t e n  though, a n  o ld  problem which has been "so lved"  
through r e s e a r c h  r eappea r s ,  due t o  a change i n  a i r c r a f t  type  or 
change i n  o p e r a t i n g  environment. The new s i t u a t i o n  has uncovered 
a s u b t l e t y  which n e c e s s i t a t e s  a " f i n e r  scale" view of t h e  earlier 
understanding.  A d d i t i o n a l l y ,  s i t u a t i o n s  have occurred  where an 
improvement i n  des ign  m a t e r i a l s ,  or procedure undertaken f o r  
e f f i c i e n c y  improvement o r  environmental  b e n e f i t  s u b t l y  i n t r o d u c e s  
a new v u l n e r a b i l i t y  t o  hazard,  a f f e c t i n g  t h e  s a f e t y  margins 
p r e v i o u s l y  e s t a b l i s h e d .  

The o b j e c t i v e  of  t h e  NASA a v i a t i o n  s a f e t y  technology e f f o r t  i s  
t o  provide  t h e  t e c h n o l o g i c a l  b a s i s  f o r  avoidance o r  e l i m i n a t i o n  
of t h e  p o t e n t i a l l y  s e r i o u s  hazards  i n  t h e  f l i g h t  and ground 
o p e r a t i o n a l  environment.  Reduction of o p e r a t i n g  problems, 
e s p e c i a l l y  those  envi ronmenta l ly  c r e a t e d ,  w i l l  r e s u l t  i n  i n c r e a s e d  
f l i g h t  s a f e t y  and e f f i c i e n c y  and improved performance, while  
reducing t h e  inc idence  of f a t a l i t i e s  and i n j u r i e s  r e s u l t i n g  
E r o m  acc iden t s .  

The NASA a v i a t i o n  s a f e t y  r e sea rch  program has been organized 
under major c a t e g o r i e s  of a v i a t i o n  meteorology, a v i a t i o n  
o p e r a t i o n s  s a f e t y  technology,  and a i r c r a f t  systems o p e r a t i n g  
cff  i c i e n c y  improvement r e sea rch .  

I n  t h e  a v i a t i o n  meteorology r e sea rch  ca t egory  are t a s k s  dea l -  
i ng  w i t h  low-a l t i t ude  winds and g u s t s ,  h i g h - a l t i t u d e  tu rbu lence  
and storm s y s t e m s ,  p r e c i p i t a t i o n  i n  t h e  form of fog,  r a i n ,  
h a i l ,  and i c i n g ,  and atmospheric e lectr ical  a c t i v i t y .  

The a v i a t i o n  o p e r a t i o n s  s a f e t y  technology ca t egory  i n c l u d e s  
r e s e a r c h  r e l a t i n g  t o  hazardous s i t u a t i o n s  or o p e r a t i o n a l  d i f f i -  
c u l t i e s  which are n o t  w e l l  understood or f o r  which corrective 
technology i s  no t  r e a d i l y  a v a i l a b l e .  Examples of r e l e v a n t  
r e s e a r c h  t a s k s  are f i r e  technology, a c c i d e n t  s u r v i v a b i l i t y ,  
s a f e t y  f u e l s ,  d e t e c t i n g  and warning of i n f l i g h t  hazards  (e.g. 
c l e a r  a i r  tu rbu lence ,  f i r e ,  wind s h e a r )  and o p e r a t i o n a l  f l i g h t  
parameter s t a t i s t i c  s . 
The r e s e a r c h  concerned w i t h  improving the  o p e r a t i n g  e f f i c i e n c y  
of a i r c r a f t  systems relates t o  l and ing  gea r  systems, t i r e s  and 
b rakes ,  runway s u r f a c e  effects and ground c o n t r o l  cr i ter ia  
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dur ing  t a x i i n g ,  t akeof f  and landing .  Improvements i n  a i rcraf t  
s y s t e m s  can be t r a n s l a t e d  d i r e c t l y  i n t o  i n c r e a s e d  s a f e t y  and 
o p e r a t i o n a l  r e l i a b i l i t y  f o r  a l l  a i r c r a f t  t ypes  as w e l l  as 
i n t o  reduced ope ra t ing  costs. 

W i t h  t h i s  background, fou r  c r i t i c a l  a r e a s  have been i d e n t i f i e d  
for  inc reased  emphasis i n  fundamental t echno log ie s  beyond t h e  
p r e s e n t l y  planned ongoing program l e v e l s  f o r  s a f e t y  technology.  
Accordingly, t h e  fo l lowing  paragraphs  c o n t a i n  d e t a i l s  of  
p o s s i b l e  a v i a t i o n  s a f e t y  technology i n i t i a t i v e s  i n  t h e  areas 
of a i r c r a f t  i c ing  p r o t e c t i o n ,  f i r e  r e s i s t a n t  materials engineer -  
i n g ,  t r a n s p o r t  a c c i d e n t  s u r v i v a b i l i t y ,  and c h a r a c t e r i z a t i o n  
of l i g h t n i n g  hazards . 
3 . 9 . 1  A i r c r a f t  I c i n g  P r o t e c t i o n  

Weather r e p r e s e n t s  t he  major u n c o n t r o l l a b l e  v a r i a b l e  impact ing 
f l i g h t  ope ra t ions .  I t  i s  a s i g n i f i c a n t  factor i n  de l ays  
encountered i n  a i r  t r a f f i c  o p e r a t i o n s  and i s  a major c o n t r i b u t o r  
t o  a v i a t i o n  acc iden t s .  Whereas r a p i d  climb rates and high 
c r u i s e  a l t i t u d e s  of modern j e t  t r a n s p o r t s  have o f f s e t  hazards  
posed by i c i n g  to a g r e a t  degree, t h e  hazards  posed by i c i n g  
cont inue  as  s e r i o u s  problems for g e n e r a l  a v i a t i o n  a i r c r a f t  and 
r o t o r c r a f t ,  and f o r  c i v i l  a i r c r a f t  which i n  commuter service 
o p e r a t e  predominantly i n  t h e  lower a l t i t u d e s .  A reexaminat ion  
arid update of  i c i n g  technology as it a p p l i e s  t o  p r e s e n t  and 
a n t i c i p a t e d  a i r c r a f t  d e s i g n s  i s  badly  needed, as concluded by 
t h e  s e v e r a l  working committees a t  a J u l y  1978 Government/industry 
a i r c r a f t  i c i n g  workshop sponsored by NASA and FAA. 

T h e  o b j e c t i v e  of t h i s  e f f o r t  would be t o  expand and update  t h e  
25-year old i c i n g  technology b a s e  t o  b r i n g  it i n t o  al ignment  
w i t h  modern f ixed-  and rotary-wing f l i g h t  v e h i c l e  des ign  and 
o p e r a t i o n a l  requirements .  The L e w i s  Research Cen te r ,  s i te  of 
t h e  c u r r e n t  NASA i c i n g  r e s e a r c h  wind t u n n e l  and source  of t h e  
ear l ier  NACA i c i n g  a c t i v i t y ,  would l e a d  t h i s  program augmentation 
e f f o r t .  

The approach to  improving a i r c r a f t  i c i n g  technology would inc lude  
(1) u m r a d i n g  and expanding i c i n g  research f a c i l i t i e s ,  ( 2 )  
updat ing c r i t e r i a  f o r  a s s e s s i n g  and d e f i n i n g  ice haza rds ,  
( 3 )  exp lo r ing  new ice c o n t r o l  concep t s ,  and ( 4 )  improving ice 
s imula t ion  and i c i n g  test  t echn iques  . Component, system, and 
model s t u d i e s  and exper iments  would be conducted w i t h  a b read th  
of e f f o r t  which would e s t a b l i s h  a technology data base i n  recogni -  
t i o n  of t h e  c o n s t r a i n t s  p e c u l i a r  t o  both f ixed -  and rotary-wing 
a i r c r a f t .  The augmented program e f f o r t  would be conducted over 
a seven-year pe r iod ,  w i t h  funding requi rements  as shown i n  
F i g u r e  1 2 ,  
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3.9.2 F i r e  R e s i s t a n t  Materials Engineer ing 

I n  t h e  l a t e  1 9 6 0 ' s ,  a series of c i v i l  a i r c a r g o  f i r e  a c c i d e n t s  
d i r e c t e d  Government and indus t ry  a t t e n t i o n  t o  t h e  t a s k  of 
improving t h e  f i r e w o r t h i n e s s  of materials used i n  a i r c r a f t  
i n t e r io r s ,  t o  provide  inc reased  s a f e t y  from f i r e ,  smoke, and 
i n c a p a c i t a t i n g  gases .  NASA expanded i t s  work i n  s p a c e c r a f t  
materials r e s e a r c h  t o  e x p l o r e  p o s s i b l e  a p p l i c a t i o n s  to a i r -  
c r a f t  f i r e m r t h i n e s s ,  w i th  major c o n c e n t r a t i o n  on advanced 
polymeric materials. FAA and o the r  r e s e a r c h e r s  have concen- 
trated on examining t h e  f i r e w o r t h i n e s s  aspects of an  a r r a y  of 
commercial 1 y -ava i l a b l e  mater i a1 s . P r o m i  s i n g  l a b o r a t o r y  
materials began t o  appear  i n  t h e  e a r l y  1 9 7 0 ' s  and a f ive-year  
F I r e  M s i s t a n t  Materials ENgineering (FIREMEN) program augmen- 
t a t i o n  w i t h i n  NASA w a s  begun i n  1975 t o  accelerate t h e i r  
e v a l u a t i o n  and a p p l i c a t i o n .  Involvement of t h e  major a i r c r a f t  
manufacturers  i n  FIREMEN i s  r e s u l t i n g  i n  NASA-developed 
advanced polymeric materials of improved f i r e w o r t h i n e s s  
being s u b s t i t u t e d  for  p r e s e n t l y  used c a b i n  and cargo  bay 
p a n e l  and l i n e r  materials. Because of t h e  s u c c e s s  wi th  the  
o r i g i n a l  f ive-year  FIREMEN program, both  i n d u s t r y  and a i r l i n e  
u s e r s  of t h i s  advanced m a t e r i a l s  technology s t r o n g l y  urge 
NASA t o  extend t h e  program i n t o  a second phase,  c a p i t a l i z i n g  
on program momentum, con t inu ing  t h e  a c c e l e r a t e d  development 
of f i r e - r e s i s t a n t  a i r c ra f t  m a t e r i a l s ,  improving t h e  r igor  and 
realism of f i r e  modeling and t e s t i n g  methods, and de termining  
t h e  f e a s i b i l i t y  of s a f e t y  f u e l  concepts ,  e.g. a n t i - m i s t i n g  
kerosene.  T h e  fo l lowing  program i s  des igned  t o  respond to 
these expressed  needs. 

The o b j e c t i v e  of a FIREMEN-I1 program would be t o  con t inue  
t h e  a c c e l e r a t e d  p r a c t i c a l  a p p l i c a t i o n  of a i r c r a f t  f i r e w o r t h i -  
n e s s  research r e s u l t s  i n  o rde r  t o  minimize t h e  loss of l i f e  
and h u l l  damage due t o  f i r e  and i t s  e f f e c t s .  Th i s  m u l t i -  
cen ter  e f for t  (Ames, Johnson, and L e w i s  Research C e n t e r s )  
would be led by t h e  Johnson Spacec ra f t  Center  and would be 
coordinated closely w i t h  FAA fire technology R&D which i s  
conducted i n  suppor t  of r e g u l a t o r y  requi rements .  

T h e  approach fo r  FIREMEN I1 would be t o  (1) develop and assess 
new materials,  ( 2 )  determine f e a s i b i l i t y  of  a n t i - m i s t i n g  kerosene 
concep t s ,  ( 3 )  improve the '  r i g o r  and realism of  f i r e  modeling 
( p r e d i c t i o n )  and t e s t i n g  methods, and ( 4 )  develop  f i r e w o r t h i n e s s  
c r i t e r i a .  I t  would a l so  be planned t o  broaden t h e  NASA e f f o r t  i n t o  
t o x i c i t y  e v a l u a t i o n  methods, t o x i c  t h r e a t  model l ing,  and surv iva-  
b i l i t y  assessment  t echn iques .  T h i s  program would b u i l d  on the 
c u r r e n t  FIREMEN program data and expe r i ence  base ,  maximizing 
p a r t i c i p a t i o n  by i n d u s t r y ,  and would be c l o s e l y  coord ina ted  
w i t h ,  and p e r i o d i c a l l y  review by, i n t e r e s t e d  Government and 
industry r e p r e s e n t a t i v e s  and groups. 

T h e  FIREMEN I1 e f f o r t  would be conducted over a s ix -yea r  per iod  
and w i l l  require funding as shown i n  F igu re  1 2 .  

., 
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3 . 9 . 3  Improved Transpor t  S t r u c t u r a l  I n t e g r i t y  

The h igh ly  s u c c e s s f u l  NASA cras.hw0rthines.s program f o r  General  
Avia t ion  has  focused on development of  a n a l y t i c a l  methods and 
des ign  techniques based on f u l l - s c a l e  c r a s h  tests i n  suppor t  
of load-absorbing p r o t e c t i v e  s t r u c t u r e ,  seats, and r e s t r a i n t  
systems. The p o t e n t i a l  b e n e f i t s  t o  occupant s u r v i v a l  of  ad- 
vanced s t r u c t u r a l  des ign  concepts  f o r  improved c r a s h w o r t h i n e s s  
i n  combination wi th  improved f i r e  r e s i s t a n c e  may enab le  f u t u r e  
a i r c r a f t  t o  have i n h e r e n t l y  g r e a t e r  c r a shwor th iness .  Although 
a t r a n s p o r t  a i r c r a f t  f i r e  technology program i s  w e l l  underway 
(e.g. FIREMEN),  t h e r e  is no major e f f o r t  fo r  improving s t r u c t u r a l  
c r a s h m r t h i n e s s  similar t o  t h a t  for g e n e r a l  a v i a t i o n .  There i s  
a need t o  f i l l  t h a t  void.  

The  o b j e c t i v e  of an Improved Transpor t  S t r u c t u r a l  I n t e g r i t y  
program would be t o  develop  technology f o r  improving t h e  
s t r u c t u r a l  c r a shwor th iness  of s t a t e - o f  - t h e - a r t  (metallic) and 
advanced (composite) a i r c r a f t  s t r u c t u r e s  i n  order t o  e n l a r g e  
t h e  envelope of impact -surv ivable  a c c i d e n t s .  The i n i t i a l  
phase of t h i s  program would c o n s i s t  of  (1) b a s i c  s t r u c t u r a l  
a n a l y s i s  and r e sea rch  t o  update  c ra shwor th iness  c r i te r ia  f o r  
t r a n s p o r t  ca tegory  a i r c r a f t  fuselage and w e t  f u e l  areas, (2) 
examination of improved seat des ign  concep t s ,  ( 3 )  ex tens ion  
of c r a s h w r t h i n e s s  technology t o  nonmeta l l i c  and hybr id  
meta l l ic /composi te  s t r u c t u r e s ,  and ( 4 )  i n t e g r a t i o n  of improved 
s t r u c t u r a l  i n t e g r i t y  and f i r e w o r t h i n e s s  technology t o  increase 
t h e  des ign  da ta  base t o  suppor t  a h ighe r  l e v e l  of o p e r a t i o n a l  
p r o t e c t i o n  and occupant  s u r v i v a b i l i t y  i n  a c c i d e n t s .  
t a s k  i n  t h i s  i n i t i a l  phase would be t o  d e f i n e  a Phase I1 
c f f o r t  which would v a l i d a t e  t h e s e  advanced s t r u c t u r a l  concep t s  
i n  large-scale component tests and f u l l - s c a l e  c r a s h  tests. 

A f i n a l  

The Phase I e f f o r t  f o r  improved t r a n s p o r t  s t r u c t u r a l  i n t e g r i t y  
would be  conducted over  a s ix -yea r  pe r iod  and would r e q u i r e  
funding as  shown i n  F igu re  1 2 .  

3 . 9 . 4  Lightning Hazards Technology 

Hazards t o  f l i g h t  are posed by both f r o n t a l  and i so la ted  s t o r m  
systems i n  the f o r m  of t u r b u l e n c e ,  t o r n a d i c  winds, p r e c i p i t a -  
t i o n  as  r a i n  or  h a i l ,  and e lectr ical  a c t i v i t y .  While cons ide r -  
a b l e  s tudy  of s t o r m s  has been and i s  be ing  done, f i n e - s c a l e  
d e f i n i t i o n s  of storm haza rds  and their boundar ies  c o n t i n u e  t o  
e lude  u s  i n  terms of f u n c t i o n a l  u se  t o  d e s i g n e r s  and o p e r a t o r s  
of a i r c r a f t .  P r o b l e m s  e x i s t  bo th  i n  t h e  c h a r a c t e r i z a t i o n  of  t h e  
haza rds  as  w e l l  as  i n  t h e  l a c k  of d e t e c t i n g ,  warning, or sens ing  
e y u i p e n t  w h i c h  can  be used aboard t h e  a i r c r a f t  or on t h e  ground 
t o  s i z e  t h e  a r e a s  or volume of hazard  and t r a c k  i t s  movement t o  
enable  safe  but no t  i n e f f i c i e n t  avoidance of hazard.  Of 
s p e c i a l  concern  i s  l a c k  of d a t a  which c h a r a c t e r i z e  l i g h t n i n g  
and atmospheric  e lectrostat ic  cha rges  i n  f l i g h t ,  and l ack  of 
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i n s t rumen ta t ion  which can make a c c u r a t e  broad band i n f l i g h t  
measurements of induced cu r ren t s .  and e l ec t romagne t i c  f i e l d s  
from l i g h t n i n g  and atmospheric  e l e c t r i c i t y .  

T h e  o b j e c t i v e  of  t h i s  program element would be t o  de termine  
t h e  f u l l  range of a tmospheric  e lec t r ica l  hazards  to  modern 
a i r c r a f t  and t h e i r  systems i n  order t o  provide  a r a t i o n a l  
b a s i s  for avoidance of these hazards,  An augmentation would 
a c c c l e r a t c  t h e  s tudy  of atmospheric electrical  phenomena i n  
terms of safe a i r c r a f t  ope ra t ion .  I n  con junc t ion  w i t h  FAA, 
N O M ,  and USAF, NASA would bui ld  on p rev ious  l i g h t n i n g  re- 
s e a r c h  t o  c h a r a c t e r i z e  energy l e v e l s  a s s o c i a t e d  wi th  s t r i k e s  
t o  t h e  a i r c r a f t  i t s e l f ,  and t o  determine t h e  e f f e c t s  of such 
s t r i k e s  on  metal l ic  and nonmeta l l ic  s k i n s  and s t r u c t u r e s ,  
a v i o n i c s  and e l e c t r i c a l  p o w e r  s y s t e m s ,  f l i g h t  c o n t r o l  systems,  
and power p l a n t  and f u e l  systems. The o u t p u t s  of t h i s  e f f o r t  
would be an  expanded understanding of p r o t e c t i o n  through 
des ign ,  as w e l l  as a base  f o r  p o s s i b l e  hazard d e t e c t i o n  and 
avoidance dev ices ,  

Fundamental to  l i g h t n i n g  r e sea rch  wi th  a i r b o r n e  v e h i c l e s  i s  
t h e  a v a i l a b i l i t y  of s u i t a b l e  in s t rumen ta t ion .  Thus, t h e  i n i t i a l  
t a s k  is t o  a c c e l e r a t e  development and v a l i d a t i o n  of an i s o l a t e d  
mul t i - sensor  d a t a  a c q u i s i t i o n  s y s t e m  f o r  p r e c i s e ,  broadband, 
i n f l i g h t  measurements of d a t a  such as induced c u r r e n t s  and 
v o l t a g e s ,  e l ec t romagne t i c  and e l e c t r o s t a t i c  f i e l d s ,  acoust ic  
pressurc/shock wave i n t e n s i t i e s ,  and r a p i d  r a t e s  of change of 
t h c s e  parameters .  Next, f l i g h t  r e s e a r c h  would be conducted to  
c h a r a c t e r i z e  t h e  l i g h t n i n g  environment,  t o  better d e f i n e  t h e  
hazard t o  a i r c r a f t ,  and t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  between 
f l i g h t  and ground-based l i g h t n i n g  measurements. F i n a l l y ,  
p r o t e c t i o n  des ign  concepts  would be explored  for a i r c r a f t  
e l ec t r i ca l  and e l e c t r o n i c  systems, s t r u c t u r e s ,  and f u e l  systems. 

A fu l ly - ins t rumen ted  F-106B a i r p l a n e  would be u t i l i z e d  i n i t i a l l y  
i n  a j o i n t  program w i t h  t h e  Nat ional  Severe Storms Laboratory 
t o  i n v e s t i g a t e  t h e  l o c a t i o n  and c o r r e l a t i o n  of va r ious  hazards  
wi th in  s e v e r e  storms. S p e c i a l  a d d i t i o n a l  f l i g h t s  would be made 
a s  necessary  t o  o b t a i n  l i g h t n i n g  s t r ike d a t a .  An a i r p l a n e  
more r e p r e s e n t a t i v e  of t h e  t r a n s p o r t  ca t egory  could be used i n  
l a t e r  p a r t s  of t h e  f l i g h t  program, 

T h i s  work  and t h e  work be ing  accomplished or planned by o t h e r  
agenc ie s  would be a s s e s s e d ,  i nco rpora t ed ,  expanded, etc., as 
feas ib le  t o  provide a b a s i s  for  improved des ign ,  v a l i d a t i o n  
procedures ,  and c r i te r ia  fo r  a i r c r a f t  o p e r a t i o n s  i n  t h e  presence  
of l i g h t n i n g .  P a r t i c u l a r  a r e a s  of  c o n s i d e r a t i o n  are (1) t h e  
r e l a t i o n s h i p  of l i g h t n i n g  t o  the o p e r a t i o n a l  environment,  
( 2 )  d e t e c t i o n  and avoidance,  ( 3 )  p r e d i c t i o n ,  ( 4 )  p r o t e c t i o n ,  
( 5 )  ground tes t  and p r o t e c t i o n  v a l i d a t i o n  t echn iques ,  and ( 6 )  
p i l o t  t r a i n i n g  re la t ive  t o  expected e f f e c t s  of l i g h t n i i q .  

The l i g h t n i n g  haza rds  technology program enhancement is planned 
over  a pe r iod  of seven y e a r s ,  w i t h  r e q u i r e d  funding as  shown 
i n  F igu re  1 2 .  
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3.10 JXJNDAMENTAL TECHNOLOGY - AVIONICS AND HUMAN FACTORS 

Undoubtedly the  s i n g l e  m o s t  impor tan t  f a c t o r  d r i v i n g  new oppor- 
t u n i t i e s  i n  av ion ic s  and controls i s  t h e  exp los ive  growth i n  
mic roe lec t ron ic s  and a s s o c i a t e d  t echno log ie s .  The U.S. i n d u s t r y  
and Government R&D e f f o r t s  to  e x p l o i t  t h a t  p o t e n t i a l  f o r  aero- 
n a u t i c s  h a s  s e r i o u s l y  lagged t h e  c a p a b i l i t y  provided by micro- 
e lectronics .  An a g g r e s s i v e  NASA R&D program could y i e l d  
s u b s t a n t i a l  b e n e f i t s  i n  terms of improved a i r c r a f t  e f f i c i e n c y ,  
extended o p e r a t i o n a l  c a p a b i l i t y  and, through s u p p o r t i n g  tech-  
nology t o  FAA, improved f l i g h t  o p e r a t i o n s  and t r a f f i c  management. 
Examples of t a n g i b l e  payof f s  would be: enhanced s a f e t y ;  
lower des ign ,  o p e r a t i o n a l  and s p a r e s  inven to ry  costs; h igher  
r e l i a b i l i t y  and improved m a i n t a i n a b i l i t y ;  i n c r e a s e d  a i r  
t r a n s p o r t a t i o n  system c a p a c i t y ;  freer a i r s p a c e  and improved 
a i r c r a f t  performance. A major R&D t h r u s t  would also permi t  
t h e  U . S .  t o  counter  t h e  growing threat  of f o r e i g n  compe t i t i on  
i n  a v i o n i c s  and c o n t r o l s  and a i d  i n  ma in ta in ing  (or r e c a p t u r -  
ing  i n  s o m e  a r e a s )  t h e  w o r l d  l e a d e r s h i p  ro le  t r a d i t i o n a l  f o r  
U . S .  i n d u s t r y  i n  a e r o n a u t i c s .  I f  NASA were to  assist i n  
meeting t h e  cha l lenge  p resen ted  by m i c r o e l e c t r o n i c s ,  the 
n e c e s s a r y  r e sea rch  and development invo lv ing  i n d u s t r y ,  un i -  
v e r s i t i e s  and t h e  u s e r  community would r e q u i r e  a major 
increase i n  r e s o u r c e s  over the nex t  f ive t o  t e n  yea r s .  

A s p e c i a l  NASA i n t e r c e n t e r  t e a m  working w i t h  i n d u s t r y  and 
u n i v e r s i t y  a d v i s o r s  and r e p r e s e n t a t i v e s  from o t h e r  Government 
agenc ie s  has d r a f t e d  an a v i o n i c s ,  c o n t r o l s  and human factors 
technology p lan  which i s  now under review. I t  proposes  a major 
program to  develop t e c h n o l o g i e s  t h a t  are very broad i n  t h e i r  
a p p l i c a t i o n  as w e l l  as s e l e c t e d  t echno log ie s  t h a t  are unique 
to  s p e c i f i c  v e h i c l e  classes such as  a c t i v e  v i b r a t i o n  c o n t r o l  
i n  hel icopters .  The focused e f f o r t s  proposed f o r  s p e c i f i c  
v e h i c l e  t y p e s  have been d i scussed  under t h e  i n d i v i d u a l  v e h i c l e  
headings.  The technology o p p o r t u n i t i e s  t h a t  are broadly  
a p p l i c a b l e ,  which i n c l u d e  advanced a i r c r a f t  c o n t r o l s ,  c r e w  
s t a t i o n  technologies ,  f l i g h t  management and i n t e g r a t i o n  and 
i n t e r f a c i n g  t echno log ie s ,  are d e s c r i b e d  i n  t h i s  s e c t i o n .  

3 . 1 0 . 1  A i r c r a f t  Con t ro l s  

A i r c r a f t  c o n t r o l  technology i n c l u d e s  both  t h e  f u n c t i o n a l  r e q u i r e -  
ments of f l i g h t  c o n t r o l ,  which t y p i c a l l y  have i n t e r d i s c i p l i n a r y  
dependence, and system mechanism concepts ,  such as redundant  
d i g i t a l  c o n t r o l  systems. The key subelements are a p p l i e d  
c o n t r o l s  technology, and advanced hybr id  f l i g h t  c o n t r o l  systems 
technology. 

The a p p l i e d  controls technology subelement s p e c i f i c a l l y  addres ses  
t h e  control  l a w  or  f u n c t i o n a l  d e f i n i t i o n  of c o n t r o l  such as  
t h e  i n t e r d i s c i p l i n a r y  des ign  a s p e c t s  of a c t i v e  c o n t r o l s .  A 
Phase I e f f o r t  would emphasize des ign  methodology and c r i t e r i a  
w h i l e  exp lo r ing  new concep t s  i n  a p p l i e d  c o n t r o l s ,  p a r t i c u l a r l y  
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t h e  i n t e r a c t i o n s  wi th  other d i s c i p l i n e s .  Analys is ,  s i m u l a t i o n  
and selected exper iments ,  inc luding  some f l i g h t  t e s t i n g ,  would 
be used t o  i n v e s t i g a t e  i n t e r a c t i v e  e f f e c t s  on des ign  and 
cr i ter ia .  Phase I1 would p rogres s  t o  concept  development 
involv ing  i n t e r d i s c i p l i n a r y  design teams wi th  i n d u s t r y  and 
e v a l u a t i o n  of des ign  methodology u t i l i z i n g  s i m u l a t i o n  and 
experiments  i n  ground f a c i l i t i e s .  The major v a l i d a t i o n  e f f o r t  
would be i n  Phase I11 us ing  a n  app l i ed  c o n t r o l s  r e s e a r c h  a i r -  
c r a f t  and/or o t h e r  in-house and contractor f a c i l i t i e s  w i th  
i n d u s t r y  e v a l u a t i o n  teams. 

System concepts  for mechanizing t h e  c o n t r o l  l a w s  would be 
addressed i n  the  advanced hybrid f l i g h t  c o n t r o l s  subelement.  
The main t h r u s t  would b e  t o  develop concepts  f o r  u l t r a - r e l i a b l e  
s y s t e m s  f o r  f l i g h t  crucial  func t ions  which would be a major 
s t e p  towards a l i f e t i m e  c o n t r o l  concept.  Conceptual s t u d i e s  
of s e v e r a l  approaches i n c l u d i n g  d i g i t a l  and hybr id  analog/ 
d i g i t a l  would be performed under c o n t r a c t  i n  Phase I. The 
most promising approach would be developed i n  Phase I1 f o r  a 
proof-of-concept f l i g h t  research program conducted as Phase 
111. Funding requi rements  f o r  t h e  t h r e e  phases  are shown i n  
Figure 1 3 .  

3.10.2 C r e w  S t a t i o n  Technologies 

A i r c r a f t  of t h e  f u t u r e  w i l l  f l y  i n  more crowded s k i e s ,  under 
m o r e  s t r i n g e n t  environmental  r e g u l a t i o n s ,  i n  a more complex 
a i r  t r a f f i c  c o n t r o l  environment, o p e r a t i n g  i n  more severe 
weather m i n i m a ,  and wi th  more expensive f u e l .  Safe  and 
e f f i c i e n t  f l i g h t  i n  t h i s  environment r e q u i r e s  more p r e c i s e  and 
f l e x i b l e  n a v i g a t i o n  i n  space and t i m e ,  mated t o  an advanced 
a i r  t r a f f i c  management s y s t e m .  A C r e w  S t a t i o n  Technology 
program would develop  and e x p l o i t  t h e  man-machine system oppor- 
t u n i t i e s  for  meeting these requirements  . The o p p o r t u n i t i e s  
e x i s t  because of major advances i n  d i s p l a y  concep t s ,  media, 
and g e n e r a t i o n  t echn iques ,  t ime-shared m u l t i f u n c t i o n  d i s p l a y s /  
con t ro l s ,  d i s t r i b u t e d  microprocessor  hardware/sof t w a r e  for c o n t r o l /  
d i s p l a y  management, etc.  , coupled wi th  improved human f a c t o r s  
i n s i g h t s .  I f  a l l  t h i s  could be p u t  t o g e t h e r  p r o p e r l y ,  s a f e t y  
would be enhanced by t h e  r educ t ion  i n  human error p o t e n t i a l  
and p i l o t / c r e w  workload, cockp i t  pane l  space would be better 
u t i l i z e d  w h i l e  p e r t i n e n t l y  timed and a p p r o p r i a t e  data i s  
p resen ted ,  and o p e r a t i o n a l  c a p a b i l i t y  would be improved by 
e l e v a t i n g  t h e  p i l o t  from a controller t o  a f l i g h t  o p e r a t i o n s  
manager. 

A t  t h e  o u t s e t  of Phase I of such a program, t h e  promising 
g e n e r i c  m i l i t a r y  c r e w  s t a t i o n  technology, i n c l u d i n g  mul t i -  
legend swi t ch ing ,  wide f i e l d  of view head-up-displays,  and 
v o i c e  s y n t h e s i s  and r e c o g n i t i o n ,  would be examined for  t r a n s f e r  
t o  t h e  c i v i l  segment. NASA w o u l d  expand i ts  e f f o r t s  wi th  DOD 
t o  accelerate the development of h igh  r i s k ,  long l e a d  time 
techno log ie s ,  e.g. f l a t  p a n e l  d i s p l a y  media. A systems 
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i n t e g r a t i o n  po r t ion  (Phase 11) of t h e  advanced c r e w  s t a t i o n  
a v i o n i c s  program subelement would culminate  ( i n  Phase 111) 
w i t h  t h e  development, demonst ra t ion ,  and assessment  of 
t o  t a l  l y  - in  t e g r a  ted advanced crew s t a t  i o n s .  

An i n c r e a s i n g l y  impor t an t  aspect of  c r e w  s t a t i o n  technology i s  
t h e  i n t e r a c t i v e  t r a n s f e r  of in format ion  i n  t h e  man-machine 
con tex t .  T h i s  would be an  impor tan t  f e a t u r e  i n  the  c r e w  s t a t i o n  
human f a c t o r s  subelement,  in tended  t o  develop improved tech-  
n iques  for f o r e c a s t i n g  and q u a n t i f y i n g  t h e  impact of changes 
i n  d i s p l a y  and c o n t r o l  hardware and system o p e r a t i n g  procedures  
on p i l o t  behavior and performance, and t o  provide  human f a c t o r  
g u i d e l i n e s  for d i s p l a y  s i m p l i f i c a t i o n  and improved in fo rma t ion  
t ransfer .  

Funding requirements  for t h i s  a c t i v i t y  are shown i n  F igure  13. 

3.10.3 F l i g h t  Management 

F l i g h t  management technology encompasses a l l  t h e  f a c t o r s  governing 
t h e  p r e c i s e  and safe  movement of a i r c r a f t  through the airspace, 
i . e .  naviga t ion ,  communications, crew o p e r a t i o n s ,  and i n t e r -  
a c t i o n s  w i t h  a i r  t r a f f i c  c o n t r o l  (ATC) . FAA has  the respon- 
s i b i l i t y  for  de f in ing  and implementing the  f u t u r e  ATC system 
t o  m e e t  t h e  growing demands. An impor tan t  NASA role is t o  
work w i t h  DOT/FAA, t h e  i n d u s t r y ,  t h e  a v i a t i o n  community and 
other agenc ie s  to develop advanced a v i o n i c s ,  c o n t r o l s  and 
a s s o c i a t e d  t echno log ie s  f o r  improving f l i g h t  o p e r a t i o n s  and 
t r a f f i c  management w i t h i n  the c a p a b i l i t y  of t h e  evolv ing  ATC 
system. The two m o s t  impor t an t  and a p p r o p r i a t e  g e n e r i c  areas 
for p o t e n t i a l  increases are: (1) n a v i g a t i o n  and guidance; 
and, ( 2 )  f l i g h t  i n fo rma t ion  management, 

T h e  a c t i v i t i e s  i n  t h e  n a v i g a t i o n  and guidance subelement 
would i n c l u d e  i n v e s t i g a t i o n s  of both  emerging t e c h n o l o g i e s  
t h a t  could be implemented w i t h i n  t h e  c u r r e n t  and p r o j e c t e d  
N a t i o n a l  Airspace System ( N A S ) ,  and new concep t s  t h a t  could 
provide long-range o p p o r t u n i t i e s  for  major improvements i n  t h e  
NAS. Emerging technology concep t s  t o  be i n v e s t i g a t e d  i n  Phase I 
range from advanced i n e r t i a l  and hybr id  n a v i g a t i o n  systems 
t o  t h e  NAVSTAR/Global P o s i t i o n  System (GPS) be ing  developed 
for  m i l i t a r y  use ,  NASA's j o i n t  program w i t h  FAA t o  exp lo re  
t h e  c i v i l  p o t e n t i a l  of NAVSTAR/GPS, which a d d r e s s e s  t h e  l o w  
cost user  equipnent q u e s t i o n ,  would be expanded t o  conduct 
l imi t ed  f l i g h t  i n v e s t i g a t i o n s  of accuracy ,  i n t e r f e r e n c e  
e f fec ts  and o p e r a t i o n a l  c o n s i d e r a t i o n s  us ing  an  exper imenta l  
r e c e i v e r .  

I n  March 1978,  the FAA he ld  a C o n s u l t a t i v e  Planning Confer- 
ence  o n  N e w  Engineering and Development I n i t i a t i v e s - - P o l i c y  
and Technology Choices, which w a s  t h e  "k ick-of f"  f o r  an 
i n t e n s i v e  seven-month c o n s u l t a t i o n  a c t i v i t y  w i t h  a l l  major 
sectors of the  a v i a t i o n  community i n c l u d i n g  NASA. F ive  
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t o p i c  groups w e r e  o rganized  t o  e v a l u a t e  t h e  c r i t i c a l  i s s u e s  
a s  fol lows:  P r o d u c t i v i t y  and Automation;' A i r p o r t  Capaci ty;  
Freedom of Airspace;  S a f e t y  and F l i g h t  C o n t r o l ;  and, Non- 
or Low-Capital Pol ic ies  t o  Improve E f f i c i e n c y ,  Many of t h e  
recommendations i n  t h e i r  publ ished r e p o r t ,  March 1 9 7 9 ,  
s p e c i f i c a l l y  a d d r e s s  f l i g h t  management t echno log ie s .  A 
second t h r u s t  of NASA's proposed program would provide  
technology o p t i o n s  such as those i d e n t i f i e d  i n  t h e  FAA re- 
por t ,  for long-range o p p o r t u n i t i e s  i n  f l i g h t  management i n  
suppor t  of FAA's long-range plan. P a r t i c u l a r  emphasis w i l l  
be placed on technology t h a t  could s u b s t a n t i a l l y  reduce t h e  
cos t  of provid ing  s a t e l l i t e  based s e r v i c e s .  C l o s e  coord ina-  
t i o n  w i l l  be maintained w i t h  FAA i n  s e l e c t i n g  promising con- 
cepts t o  be i n v e s t i g a t e d  and developed f u r t h e r  i n  Phase 11. 
Select ones  w i l l  be e v a l u a t e d  i n  Phase I11 through f l i g h t  
tests. 

Another c l o s e l y  coupled p o t e n t i a l  program area f o r  inc reased  
NASA s u p p o r t  i s  f l i g h t  in format ion  management, which a d d r e s s e s  
t h e  human role i n  f u t u r e  a v i a t i o n  systems. It  is  an impor tan t  
factor  i n  t h e  s t u d y  of t h e  long-range o p p o r t u n i t i e s  d i scussed  
above, b u t  more impor t an t ly  r e sea rch  i n  t h i s  area can provide  
a continuum of  r e s u l t s  f o r  e x i s t i n g ,  emerging and f u t u r e  s y s -  
t e m s .  A t  t h e  p r e s e n t  t i m e ,  70-90 p e r c e n t  of  a l l  a i r c r a f t  
a c c i d e n t s  i nvo lve  human error. I n c o r r e c t  or incomplete  i n f o r -  
mat ion t r a n s f e r  from d i s p l a y s  t o  t h e  c r e w ,  from t h e  c r e w  t o  a 
system (data e n t r y ) ,  among the c r e w ,  between c r e w  and ATC, 
be tween t w o  a i r  t r a f f i c  c o n t r o l l e r s  or among several p i l o t s  
and c o n t r o l l e r s  are o f t e n  t h e  key f a c t o r s .  The o b j e c t i v e s  of 
t h i s  subelement a r e  t o  provide g u i d e l i n e s  f o r  t h e  m o s t  e f f e c -  
t i v e  in fo rma t ion  management and s p e c i f i c  human f a c t o r s  guidance 
i n  t h e  development and e v a l u a t i o n  of emerging systems and new 
concepts .  The subelement would c o n s i s t  of a series of w e l l -  
controlled experiments  ranging f r o m  p a r t - t a s k  s i m u l a t i o n  t o  
f u l l - m i s s i o n  s i m u l a t i o n  us ing  a l a r g e  sample of o p e r a t i o n a l  
a i r l i n e  c r e w s  t o  s y s t e m a t i c a l l y  i n v e s t i g a t e  in fo rma t ion  t r a n s f e r  
and human errors. Most of the r e s e a r c h  would be conducted i n  
a Man-Vehicle Systems R e s e a r c h  F a c i l i t y  wi th  s e l e c t e d  f l i g h t  
t e s t  v e r i f i c a t i o n s  i n  Phase I1 on e x i s t i n g  NASA research a i r c r a f t .  

Funding requi rements  are presented  i n  F igu re  13. 

3 .10.4 I n t e g r a t i o n  and I n t e r f a c i n g  Technologies  

I n t e g r a t i o n  and I n t e r f a c i n g  technology i s  treated as a d i s t i n c t  
e lement  because of t h e  growing importance of e f f e c t i v e ,  e f f i c i e n t  
and r e l i ab le  i n t e g r a  t i o n  and/or i n t e r f a c i n g  w i t h i n  l a r g e  com- 
p l e x  systems. The g e n e r i c  aspects are t h o s e  concepts ,  system 
e l e m e n t s  and methods t h a t  could be applied or  adapted t o  a wide 
v a r i e t y  of i n t e g r a t e d  systems that d e s i g n e r s  might i nc lude  i n  
a t o t a l  a i r c ra f t  des ign .  The o u t p u t  of  t h i s  research would be 
v a l i d a t e d  system concep t s  and assessment  methodology, no t  s p e c i f i c  
i n t e g r a t e d  systems. The concepts  and methodology would be 
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adap tab le  t o  var ious  l e v e l s  of systems i n t e g r a t i o n  such as an 
i n t e g r a t e d  cockpi t  d i s p l a y  pane l ,  i n t e g r a t e d  f l i g h t  and propul-  
s i o n  cont ro ls ,  o r  t h e  e n t i r e  s u i t  of a v i o n i c s  as i n  t h e  A i r  
Force D i g i t a l  Avionic I n t e g r a t e d  System (DAIS). 

The subelcmcn ts are s y s t e m  elements  r e s e a r c h ,  i n t e g r a t i o n  
methodology and assessment  methodology i n  Phase I and environ-  
m e n t a l  e f f e c t s  i n  Phase 11. 

The o b j e c t i v e s  of system elements  r e s e a r c h  are t o  i n v e s t i g a t e  
advanced concepts ,  e .g. f a u l t - t o l e r a n t  computing, t h a t  are 
k e y  t o  promising new i n t e g r a t e d  system a r c h i t e c t u r e s  and t o  
develop t h e  a s s o c i a t e d  i n t e r f a c i n g  t echno log ie s ,  e.g. data and 
power d i s t r i b u t i o n  systems and au tomat ic  maintenance a i d e s .  
A r c h i  tec t u r a  1 concepts  for f a u l t  - t o l e r a n t  and d i s t r i b u t i o n  
n e t w o r k s  s y s t e m s  would be explored  which are a s i g n i f i c a n t  
d e p a r t u r e  from t h e  concepts  be ing  i n v e s t i g a t e d  under t h e  on- 
going program. For example, t h e  use  of massive redundancy made 
p o s s i b l e  by Very Large S c a l e  I n t e g r a t e d  ( V L S I )  c i r c u i t s ,  com-  
bined w i t h  network data d i s t r i b u t i o n  and f u n c t i o n a l l y  
d i s t r  i buted a r c h i t e c t u r e s .  

Thc p r i n c i p a l  o b j e c t i v e  of i n t e g r a t i o n  methodology r e s e a r c h  i s  
to develop techniques  of f u n c t i o n a l  and p h y s i c a l  i n t e g r a t i o n  
of a v i o n i c s  and c o n t r o l s  hardware and software. A major 
t h r u s t  is  included t o  develop  software methodology such as 
s t r u c t u r e d  programming t echn iques  for a v i o n i c s ,  e v a l u a t i o n  of 
DOU s t anda rd  high l e v e l  laoguages  t o  de termine  t h e  best ones 
for c i v i l  av ion ic s ,  and methods for o p t i m a l l y  l o c a t i n g  so f tware  
modules between d i s t r i b u t e d  p r o c e s s o r s  t o  reduce bus t r a f f i c  
and inter-communication overhead. 

A s  w e  move i n t o  t h e  era of u l t r a - r e l i a b l e  systems, an extremely 
i m p o r t a n t  subelement i s  t h a t  of assessment  methodology r e sea rch .  
T h i s  i n c l u d e s  t h e  development of r e l i a b i l i t y  a n a l y s i s  techniques  
for u l t r a - r e l i a b l e  s y s t e m s ;  performance, s a f e t y ,  and economic 
modeling; system v a l i d a t i o n  t echn iques  wi th  emphasis on h i g h l y  
r e l i ab le  and f a u l t - t o l e r a n t  systems;  e v a l u a t i o n  methods f o r  
new computer ch ips  us ing  g a t e  l e v e l  emula t ion  techniques ;  and, 
development of methods f o r  e v a l u a t i n g  f a i l u r e  p r o b a b i l i t y  
c h a r a c t e r i s t i c s  of f a u l t - t o l e r a n t  computers. Software re l ia-  
b i l i t y  assessment would r e c e i v e  a s i g n i f i c a n t  i n c r e a s e  i n  a t t e n t i o n ,  
e s p e c i a l l y  for d i s t r i b u t e d ,  f a u l t - t o l e r a n t  p r o c e s s o r s  and sys- 
t e m s  w i t h  r econf igu rab le  a t t r i b u t e s .  
coupled w i t h  tes t  t echn iques  would be developed t o  v e r i f y  
des ign ,  f ac i l i t a t e  r e l i a b i l i t y  a n a l y s i s ,  and a s s u r e  t h e  system 
i s  meeting i t s  d e s i g n  goa l s .  

Design proof methodologies  

The f i n a l  subelement i s  t h e  i n v e s t i g a t i o n  of environmental  
e f fec ts .  Such research i n c l u d e s  t h e  e v a l u a t i o n  of the l i g h t n i n g  
t h r e a t  and e l ec t romagne t i c  i n t e r f e r e n c e  e f f e c t s  on d i g i t a l  
a v i o n i c s  and c o n t r o l s  and the  i n v e s t i g a t i o n  of methods for 
reducing t h e  threat.  T h i s  a c t i v i t y  i s  a companion program t o  
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t h e  hazard d e f i n i t i o n  p a r t  o f  t h e  NASA Avia t ion  S a f e t y  Program, 
which w i l l  develop a comprehensive, a c c u r a t e  d e f i n i t i o n  of t h e  
l i g h t n i n g  hazard.  The l i g h t n i n g  hazard model would provide  
t h e  basis f o r  analytical/computer-aided t echn iques  f o r  l i g h t n i n g  
p r o t e c t i o n  methods d e s i g n  and f o r  d e v e l o p e n t  of ground-based 
l a b o r a t o r y  l i g h t n i n g  s imula t ion  tes t  t echn iques  f o r  a v i o n i c  
systems. The analytical/computer-aided d e s i g n  approach would 
be a p p l i e d  t o  selected d i g i t a l  systems and u n i t e d  w i t h  t h e  
l a b o r a t o r y  simulated l i g h t n i n g  test to  achieve  a system for 
demonst ra t ion  i n  an  i n - f l i g h t  s t r i k e  test  as a n  a u x i l i a r y  
experiment  o n  o p e r a t i o n a l  a i rcraf t .  

Funding requi rements  and schedu les  for  t h e s e  ac t iv i t ies  are 
shown i n  F igu re  13. 

4 .  CONCLUDING REMARKS 

The fo rego ing  s e c t i o n s  have addressed p o t e n t i a l  new focused 
i n i t i a t i v e s  which, l i k e  ACEE, might be superposed over NASA's 
ongoing a e r o n a u t i c a l  r e s e a r c h  and technology programs to  
f a c i l i t a t e  f u t u r e  development of  g r e a t l y  improved U . S .  c i v i l  
a e r o n a u t i c a l  products . The d i s c u s s i o n s  have o u t l i n e d  t h e  
t e c h n i c a l ,  market ,  and economic fac tors  which i n f l u e n c e  
d e c i s i o n s  as t o  t h e  importance,  the  n a t u r e ,  t h e  scope, and 
the t iming  o f  such i n i t i a t i v e s  as  a d d i t i o n s  t o  t h e  ongoing 
programs. 

T h e  d i s c u s s i o n  is  n o t  i n t e d e d  as a d i s c u s s i o n  o f  t h e  e n t i r e  
a e r o n a u t i c a l  r e s e a r c h  e f f o r t .  I n  g e n e r a l  , t h e  ongoing NASA 
programs as p r e s e n t l y  c o n s t i t u t e d  i n c l u d e  c o n s i d e r a b l e  a c t i v i t y  
i n  each  o f  t h e  areas cited as p o s s i b l e  s u b j e c t s  for a d d i t i o n a l  
f o c u s .  Only t h e  major a s p e c t s  of t h e s e  ongoing ac t iv i t i e s  
have been summarized i n  t h i s  paper ,  The p r e s e n t  paper has  n o t  
rcviewed i n  any dep th  t h e  very impor t an t  ongoing b a s i c  r e s e a r c h  
and technology programs, nor  h a s  it d i s c u s s e d  t h e  a c t i v i t i e s  
r e l a t e d  t o  v e h i c l e  t y p e s  (e .g . ,  hypersonic  a i r c r a f t  or l i g h t e r -  
t han -a i r  v e h i c l e s )  n o t  y e t  i d e n t i f i e d  as c r e d i b l e  c a n d i d a t e s  
for near-term major a d d i t i o n a l  emphasis . 
F u t u r e  focused program p o s s i b i l i t i e s ,  add res s ing  b o t h  near- 
t e r m  and far-term p o t e n t i a l  a p p l i c a t i o n s ,  emerge c o n t i n u o u s l y  
from research and technology base and s p e c i f i c  v e h i c l e -  
o r i e n t e d  ac t iv i t i e s .  The o p t i o n s  d i s c u s s e d  i n  t h i s  paper 
r e p r e s e n t  a snapshot  of t h e  major possibilities as seen  a t  
t h i s  t i m e ,  r a t h e r  than a set of s p e c i f i c a l l y  recommended pro- 
grams. Evolu t ion  o f  t h e  o v e r a l l  NASA a e r o n a u t i c s  program w i l l  
be based on f u t u r e  c o n s i d e r a t i o n  of these p o s s i b i l i t i e s  and 
assessment  of a d d i t i o n a l  needs and o p p o r t u n i t i e s  perce ived  i n  
t h e  c o u r s e  of t h e ,  
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